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EFFECT OF SIZE OF BATCH AND LENGTH OF MIXING 
PERIOD ON RATE OF PRODUCTION AND QUALITY 
OF CONCRETE MIXED IN STANDARD 27E PAVERS 

Reported by T. C. THEE, Assistant Highway Engineer, Division of Management, U. S. Bureau of Public Roads 

produce concrete depends very largely on the 
size of the batch and the length of time which it 

must be mixed. Definite data as to the relation which 
the size of batch, number of sizes of coarse aggregate, and 
the length of mixing bears to the rate of production and 
to the “quality of the concrete produced, when larger 
than normal batches are used, have been lacking. A 
rather extensive study was undertaken in 1930 to 
determine, if possible, how large a batch can safely be 
handled by standard 27E pavers, under present operat- 
ing conditions and with present mixing time specifica- 
tions, without any detriment to the strength and 
uniformity of the mix. It was also desired ‘to learn 
whether or not concrete which is of satisfactory strength 
and uniformity of mix can be produced with 27E pavers 
using a 33-cubic-foot batch and a mixing time of 60 
seconds or less. 

The projects selected for this study involved rather 
extreme conditions and are described in the following 
paragraphs. 
Two Wisconsin projects were studied, State-aid proj- 

ect 2916, 9.88 miles in length, and State- aid project 2926, 
I heey miles, both in Sheboygan County. The following 
description applies to both jobs: 20-foot section, 
9—6.5—9 inch thickness; a normal concrete having aslump 
of about 1% inches, a constant cement and water con- 
tent, and a pr actically constant proportion of gravel 
and sand, three sizes of coarse aggregate uniformly 
graded with a maximum size of 2 inches and a work- 
ability factor, b/b), averaging 0.75 and varying by design 
hardly an appreciable amount. The aggregates were 
proportioned by weight and bulk cement was used. The 
water devices on the four different mixers used on these 
two jobs were fairly accurate. The blades and buckets 
in all the mixers were new and in excellent condition. 

A study was also made on Federal-aid project 259 A 
and B, Jefferson County, Ark. Following is a descrip- 

tion of the project: Length, 16.97 miles; 18-foot sec- 
tion, 9-6-9 inch thickness; a relatively dry concrete 
with an approximate slump of 1% inches, a constant 
cement and water content, and a fairly uniform sand and 
stone content, two sizes of well-graded, crushed trap 
rock as coarse aggregate, with a maximum size of 2% 
inches, and a workability factor, b/bo, averaging ap- 
proximately 0.75 and varying only within a narrow 
range by design. The aggregates were proportioned by 
weight and sack cement was used. A dual water tank 
open to atmospheric pressure measured the water 
fairly accurately. The blades and buckets of the 
mixer drum were in fair condition. 

It is believed that these three jobs are fairly represen- 
tative of present good practice in the production of 
concrete for highway paving purposes in the United 
States, and that the most probable dangers or diffi- 
culties that are likely to arise in connection with the 
use of batches larger than those normally used, a re- 
duced mixing time, and multiple-sized aggregates, 
would be evidenced on one or more of these jobs during 
the course of the studies. 

92185—32—1 

[oe rate at which any given concrete paver can SIZE OF BATCH VARIED 

On the Wisconsin jobs the contractors presented 
alternate bids for constructing the pavement when using 
27, 30, 33, and 35 cubic-foot batches to an extent suffi- 
cient to provide for the construction of at least 1 mile of 
concrete with each of these different sized batches when 
using a mixing time of 60 seconds. Although no pro- 
visions had been made in the bids to use other than a 
60-second mixing time, near the close of the jobs the 
batchmeter was “actually set at 50, 60, and 80 seconds 
for both 30 and 33 cubic-foot batches. 

On State-aid project 2926 the successful contractor 
bid the following: 

Bid per 
Size of batch square yard ! 

DD ECUDICRLCCL eae se ree es $0. 97 
SOLCUDICH Cet ame mene ae es ee gee . 94 
SorClLOlCr COL™ een a= tins So ee eee ae ae 5 
SOLCUDICH CO lee eee oe et ka Sah aie 193 

On State-aid project 2916 the successful contractor 
bid the following: 

Bid per 
Size of batch square yard ! 

D RCUDIC.LLEC Let a earn ea reat eae, ee 2 $1. 04 
SORCUIDT CHE CE Eee ene eter Sen i ee eet ER Rae oa . 99 
SSYCUDICTLCC A eaenee eee eer teat eee ad 7) 
SDACUOICH LCG U eee e aie a Spe te a 98 

Prior to this time the maximum allowable batch in 
Wisconsin was 30 cubic feet, and the contractors did not 
reflect as large a reduction in bid prices between the 30 
and 33-cubic-foot batches as between the 27 and 30 cubic 
foot batches, probably because there was some doubt in 
their minds concerning the ability to handle the larger 
batches in the trucks or in the mixer. As the large 
sized batches were tried out in actual operation, the 
contractors on these jobs found that the 33-cubic-foot 
batch was handled with as much ease as the smaller 
batches, and even the 35-cubic-foot batches were han- 
dled by the new mixers without any difficulty. 

On the Arkansas job the investigation was primarily 
arranged for quality and not for production, although 
detailed stop-watch studies were made on the different 
batch sizes to determine how the mixer cycle was affected. 

UNIFORM PROCEDURE ADOPTED FOR OBTAINING TEST SAMPLES 

In order to obtain data on these three jobs as nearly 
comparable as possible, the same general procedure of 
sampling and testing was used on all jobsin determining 
for each of the four corners and the center of each batch, 
the exact amount of gravel, sand, cement, and water 
contained in the concrete at these respective points. 
One cylinder for a compression test was also made from 
the concrete taken at each of these points. Three 
beams were made from each sampled batch and the 
molds for these were so placed that, in general, a beam 
break would be obtained for each of the five points from 
which the cylinders were taken. 

Figure 1 shows the five sample buckets and three beam 
molds placed on the subgrade. The spreader bucket 
was dumped over these buckets and beam molds in the 
same way on all the jobs, so that the first beam mold 

1 State furnished cement. 
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Ficure 1.—Merau SameLte Buckets anD Metrat Bram 
Moups in Posirion To RECEIVE CONCRETE AS DUMPED 
FROM Mixer SPREADER-BUCKET 

and two buckets received the first part of the batch, the 
next beam mold and bucket was filled from the middle 
part of the batch and the remaining beam mold and 
buckets received samples from the last part of the 
batch. As soon as this operation was completed, the 
sample buckets and beam molds, properly identified, 
were removed to the berm of the roadway as shown in 
the upper left-hand photograph of Figure 2. The pro- 
cedure was then as follows: The concrete obtained in the 
first bucket was dumped into a large pan and small 
scoopfuls of concrete were placed alternately in a 
cylinder and in a pail for the separation test. This 
operation was repeated consecutively for each of the 
other buckets. The cylinder molds rested on a steel 
plate and were arranged in the same order as that in 
which the buckets were placed on the subgrade. Each 
cylinder was tamped twenty times along the edge and 
five times at various places in the center of each one- 
third point as they were being filled. 

While these operations were in progress another man 
spaded the beams twenty times along each side and 
four times along each end with a trowel, then rodded 
along the edges with a bullet-pointed %-inch rod in a 
like manner, and finally repeated the spading with the 
trowel after which the surface was struck off and fin- 
ished. Every effort was made to leave the mass of 
concrete in the center of the beams undisturbed. 
These specimens, both beams and cylinders, were cured 
on the berm under wet burlap about 24 hours and then 
hauled in damp sand to the central curing point. In 
Arkansas the specimens were cured near the job in a 
large lake which had practically a constant temperature 
of about 80° F. In Wisconsin the specimens were cured 

in wet sand which had a fairly constant temperature of 
about 80° F. The beams on all the jobs were cured at 
the field curing station until broken. ‘The cylinders were 
left to cure for about 21 days and then hauled to the 
State testing laboratory, where they were placed in a 
moist closet until they were broken at 28 days. All the 
beams on these four jobs were broken by the same 
type of portable cantilever testing machine and on each 
job the same operator made all the breaks. In testing 
the beams the load was applied on the dynamometer 
at the rate of 40 pounds in 10 seconds. (See fig. 2.) 

PROPORTIONS OF MATERIALS IN EACH SAMPLE DETERMINED BY 
WASH TEST 

A 25-pound sample of concrete was always used for 
the separation or wash test. All weighing was done 
on a 35-pound scale sensitive to one-sixteenth of an 
ounce. All weights were recorded in ounces and frac- 
tions of an ounce. The procedure was as follows: 
Each sample representing one of the four corners of the 
batch or the center was immediately weighed and 
adjusted to 25 pounds in air, and then weighed under 
water. (See fig. 3.) It was then placed in a nest of 
sieves, consisting of one No. 4, one 48-mesh, and one 
100-mesh sieve, and washed over a large tub in order to 
retain all the wash water. The material retained on the 
No. 4 sieve was classified as coarse aggregate, and that 
retained on the 100-mesh sieve as sand. The weight of 
sand was later corrected to include the weight of ma- 
terial passing the 100-mesh sieve, which was determined 
by a separate auxiliary test. This material was first 
weighed under water, then air dried, weighed, and sub- 
jected to a sieve analysis. The sand was also weighed 
directly under water. The weight of the cement under 
water was then computed by obtaining the difference 
between the weight of the total sample under water 
and the sum of the corrected weights of the gravel and 
sand under water. The weight of cement for the center 
sample was checked by permitting the cement washed 
from the center sample to settle in the tub and weighing 
the cement thus collected under water. The weight of 
water was obtained by taking the difference between 
the total sample, or 409 ounces, and the sum of the 
weights of the gravel, sand, and cement. (See fig. 4.) 
The specific gravity of the gravel and the sand was 
determined with a metal pycnometer. 

In order to determine the percentage of moisture in 
the aggregates, samples of the gravel and sand for each 
batch tested were taken at the plant while the truck 
was loading, and tested. This sample was then washed 
through a nest of sieves to determine the correction 
factor for the material passing the 100-mesh sieve. 

DETAILED PRODUCTION STUDIES MADE ON WISCONSIN JOBS 

On the two Wisconsin jobs daily detailed production 
studies were made. At least a mile of pavement was 
constructed for each batch size of 27, 30, 33, and 35 
cubic feet. The batchmeter was generally set at 60 
seconds, which resulted in an actual mixing time of 
about 55 seconds for all solid materials. A little over 
a mile of pavement was also constructed on which a 
33-cubic-foot batch was used, with the batchmeter set 
at 50 seconds, making the actual mixing time of all 
solid materials about 45 seconds. 
By means of stop-watch studies of the key equipment 

for two or more hours every day, the effect on produc- 
tion and unit costs was determined for each batch size 
and each mixing time. Three to four batches were 
usually sampled each day. The different sized batches 
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meses. SAMPLE BUCKETS AND BEAMS FROM THE SUBGRADE TO THE BERM 
OF THE ROAD, WHERE ANALYSIS WAS MADE OF THE FIVE PARTS OF THE BATCH 
FOR THE EXACT AMOUNT OF GRAVEL, SAND, CEMENT, AND WATER. 

CYLINDERS WERE MADE ACCORDING TO THE A. S. T. M. METHODS. BEAMS 
WERE RODDED ONLY AT THE EDGES WITHOUT DISTURBING THE CENTER Mass 
OF THE CONCRETE. 

BEAM SPECIMENS WERE CUREDIN DAMP SAND FOR 28 DAYS AND TESTED IN 
THE FIELD. 

THE BEAM-TESTING MACHINE AND THE LOAD APPLICATION WERE CONTROLLED 
SO AS TO BE THE SAME ON ALL SPECIMENS, AND ALL TESTS WERE MADE BY THE 
SAME OPERATOR. 

Ficurr 2.—SAMPLES FOR TEST CYLINDERS AND WasH ANALYSES WERE OBTAINED FROM 4 CoRNERS AND CENTER OF EACH Batcu 
As PuaceD; THREE BrEamMs REPRESENTATIVE OF THE SAME PORTIONS OF THE BATCH WERE ALSO Cast 

were alternated in order to make all conditions com- 
parable. For example, in the morning a 27-cubic-foot 
batch would be sampled; just before noon a 30-cubic- 
foot batch; immediately after noon a 33-cubic-foot 
batch; and later a 35-cubic-foot batch. The following 
day this order would be changed. When batches to be 
sampled were either smaller or larger than those being 
run, about nine to twelve batches of the new size would 
be run through the mixer before the sample was taken 
so that the mixer would be operating normally under 
the changed batch size. The water at the mixer was 
always changed in proportion to the batch size being 
tested. 

As soon as the work in Wisconsin was well under way 
the quality tests and production studies indicated that 

.it would be decidedly more economical to use a 33 than 

a 30-cubic-foot batch, and that this could be done with- 
out any sacrifice of quality in regard to either uniform- 
ity of mix or strength. The 33-cubic-foot batch was 
therefore adopted and used entirely, except for such 
few modifications as were necessary in order to obtain 
the required test samples. 

Three-year-old mixers, 1927 models, were used by 
both the contractors on the Wisconsin jobs during the 
first part of the studies. A complete series of tests and 
production studies were made on both of these yobs 
while the old pavers were still in operation, using 27, 
30, 33, and 35 cubic-foot batches. Later the old mixers 
were replaced with new 1930 model 27K mixers and 
another complete study of 27, 30, 33, and 35 cubic- 
foot batches was made on each job for quality and 
production. 
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Figure 4.—F1etp EQUIPMENT FOR WasH TrEst ANALYSIS. 
Lower PuHoroGrRarpH SHOws PrRocESS OF WASHING 

o THE CEMENT OUT OF THE SAMPLES OF CONCRETE 

FieurE 3.—Eacu SAMPLE wAS WEIGHED IN AIR AND THROUGH A Nest ComposEeD oF A No. 4, A 48, AND A 
THEN IN WATER, WITH THE APPARATUS SHOWN. 100-Musu Sinve 
WHRIGHING wAS ACCURATE TO ONE-SIXTEENTH OUNCE 

50, 60, or 80 seconds, so that the actual mixing time 
Before the Wisconsin studies were closed a series of with all the solid materials in the drum was, in reality, 

tests with 30 and 33 cubic-foot batches was tried, using about 45, 55, and 75 seconds, respectively. 
respectively, a 50, 60, and 80 second mixing time set- 
ting of the batchmeter. A complete study was made for 
each of these combinations. In all of this investigation Detailed tables and summaries of which Table 1 is 
the batchmeter was set at the nominal mixing time of an example, were made for the studies on each job, 

DETAILED AND SUMMARY TABLES PREPARED 

TABLE 1.—Effect of size of batch on uniformity of mix and strength of concrete, for State-aid project 2926, Sheboygan County, Wis.: 
27-cubic-foot batch; 27E paver, old model, good condition; aggregates, good limestone gravel, pit sand 

! 
| Beams 

: ; Lean Chubby,  |[V- Pee 
Redges Proportions by weight | Sample Work. Ba dave Fal 28 days 

. 5 | vari- i 7 days = ae 
Batch No. and date made (1930) batch | | ation | factor | End break Center break 

as ea —| factor b/bo ae ~———| oe 

hee eel ieee + aa Vari- Vari- | Vari- Vari- Gray eM Sand |C ets Water | | Strength mi ial Strength} tron Strength Gn Strength tian 

2 S\2 . = = at oS ae = : ! pa) 

Lbs. per Lbs. per Lbs. per Lbs, per 
Per cent Per cent) Per cent Per cent Per cent | sg.in. |Per cent) sq. in. \Per cent) sq.in. |Per cent| sq.in. |Per cent 

IN'O.<4 (AUS (4). Ree oe ea ae See A | 49.34 32.75 11. 02 6. 88 1. 68 0. 691 2, 950 4. 90 605 4.01 782 4, a) 805 2. 98 
B | 49.31 81. 25 12. 42 7.01 4.41 . 691 2, 840 B44 ee ce ee a ee ee ee | 

Center | 50.32 | 32.32 10. 65 6.70; 1.98 . 708 3, 8380 7.35 540 Te le 857 7.16 815 4. 26 
C | 50.69 | 31.05 11. 62 6. 64 2. 53 ~ 113 3, 200 3. 16 600 3.15 760 4, 96 725 7. 25 
D | 48.52 | 34.12 10. 87 6. 47 3.96 | .684 3, 190 7 ao a (Eee ew eyed epee a agt oSRER || SS ae Jona so 224-|----—-== 

ANGLO °C see on ae ee ae saan Bence eseee | 49.64 | 32.30 11. 32 6. 74 2.91 . 697 3, 102 5. 34 582 4.78 800 4.78 782 4.83 
Batch variations -----=-- = per centile eee ae diss 2. 84 4.99 2. AB a See El Se Saree ee sl Pe a ee | || | 

ING: RiGATIE 6) Oe 2 eee | A 4 62.59) 30:70) Mel) Kael o16 749 | 3, 030 03 638 | 16.01 835 | 5.70 780 4, 29 
| B 50. 81 31. 87 11. 86 5.45 4. 91 724 3, 230 664 |2 ke Sa ee | | ee | 

Center | 50.86 32. 07 11. 86 5. 20 38. 83 727 2, 695 11. 02 §25 4. 54 735 6. 97 790 3. 07 
C | 58.34 26. 80 10. 35 4.51 10. 70 845 2, 900 4. 26 487 11. 46 800 7) 875 1.387 
D. Wa lesse ees tenes Peeiocec pceese Pate 17 | eee 3: Q00L | 18-161 vt aes ood | nen [e2ee ca dle Sen Een eee 

AN GLS2 One eee en ee ee ee ene | 53. 13 80. 36 11.35 §. 15 5. 40 761 3, 029 6. 11 550 10. 67 790 4.65 815 4.91 
Batch variation oes NeMcentsets same ene | 4.89 5. 85 4. 53 C280 cae cee |e eee £8 Voss ntsc nba wee es ee Se a ree 

No 10 (Ama TL eee eee eee A 50. 37 81. 75 ite 62. 6. 25 2. 22 +113 | 38, 080 1. 48 510 1.30 800 4.19 70 5. 67 
B 50. 17 31, 82 11. 85 6.15 2.47 . 750 3, 160 4,.12- Nee cece Ses se ok Sake el eee ee ee 

Center 61.86 | 380.35 | 11. 67 6.11 80 . 736 2, 945 2. 96 480 7.10 885 5. 99 824 94 
C 54. 14 28. 95 10. 96 5. 95 4. 58 . 767 2,810 7.41 560 8.39 820 1.80 855 4.76 
D | 51.90 | 30.40 11. 45 6. 24 84 . 734 3, 180 48 Wocn seen cdlstcoacnt| Geecatoheeeseee ee eee a 

(A. VOT RYO 2 eee a AN ee ee ee | 51.69 30. 65 11. 51 6. 14 2. 17 . 740 38, 035 4.15 517 5. 60 835 4.00 816 3. 79 
Batch variation. -_-_._...--- Percents. eas te 2519 2. 95 2.12 1.43 |). 2-052] enna see oe co | ec ee a 

| = oo = —a| a + | 
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TaBLe 1.—EH ffect of size of batch on uniformity of mix and strength of concrete, for State-aid project 2926, Sheboygan County, Wis.; 
27-cubic-foot batch; 27E paver, old model, good condition; aggregates, good limestone gravel, pit sand—Continued 

a | Beams 

Proportions by weight Cylinders, 98 di "7 we 
: : ‘ Sample) Work- 28 days at Ne 

| Parto vari- | ability 7 days -- == A 
Batch No. and date made (1930) Daten WPaitoneltactor 4 : . é P 

| factor b/bo End break Center break 

| [ c 5 | 
| : Ww | . | Vari- | Vari- | Vari- | | Vari- Gravel | Sand ECE Water | Strength Aton Strength ior ‘Strength ation Ptrengeh Bion 

f | 7 | | | —s it, ea ‘i 
| | Lbs. per | | Lbs, per Lbs. per | Lbs. per 

eran : ‘: me pe cent) Per ee Per Pet Per cent sq. in. Per cent. sq. in. |Per cent sq.in. |Per cent) sq.in. |Per cent 
0. Oie Ses ee ees 48. 20 200 12; 6.6 6. 26 0. 686 3,290 | 1.48 ont 7 E ; . 

; ue) B SQN 30.30 fe 11.47 Bs 71, | 8.61) 762 |) 8,410) 5.18 |... ey Bie ees ae we fees ee eee ie 
Center 50. 48 30. 72 12.15 6. €4 2. 92 708 38,310; 2.10 | 552 2.09 857 4.13 820 1. 80 

C 53. 81 29. 12 TLS eo. 83 5.11 707 3, 070) 95. 80) 590 S12" 855 | 4.36 820 1. 80 
D 51. 34 30. 45 | 12.30 | 6.91 2. 09 738 CPS 1S) oh ae ee: a ft ee A fe eee ae eae fe aereenee | eee eer pene 

PEE ASOR ORM rN: gee EE Nk rss 5 61.27 | 30.67| 11.89| 6.16) 400| .730| 3,242| 3.50] 541) 7.481 8041 5.66. 835 | 2.40 
Batch variation___._______- Percents see 3. 00 2.78 3. 84 O50 (ia | eee ee ted to teen. Se eran ae Salben ape ee ee Se ME ee ee tls oe Nee oe 

INOM2aICART Palo aware sae oo Sek oee A 52.19 | 30.45 | 11.27 6. 09 3. 81 738 | 4,220 9. 55: | 670 2. 66 i 020 4.08 1, 055 1.10 
| B 49. 42 BVA Se Ih litte 7/7 6. 42 9. 27 697 | 4, 260 LOSOO 0 eee ae eee Ora ee ee (ee ed | 2 eae 

Center 54. 42 29. 02 10. 70 5. 85 ih 1 773 | 38,3380 13. 58 705 2. 43 985 BOL ge als LOO) 3.12 
@ 59.58 | 25.70| 9.40] 5.32) 11.28 854 | 3,740 | 2.91 690 24 | 935 | 4.59] 1,045 2. 04 
D 54. 62 29. 20 10. 02 6.15 2. 58 752 Oph LOR Ros On See tes a ee ee lee Ne ee ee eo 

yeravcemras. ose 6 ee te ote 54.05 | 29.35| 10.63| 5.97| 5.617 .763| 3,852] 8.06 688 | 1.78 ‘980 | 3.06 | 4, 067 2.09 
Batchevariablons p= eee o. PerCeNt==|_o5ssa 2 4.79 5. 62 6. 94 DAL Opie eee [Soe es eaten eee A Se Sle oa | amen ae [ese 5 Salle Se 

INCOM COMCAUE ALO) aetna ne De see rae | A 52.45 | 30.75 | 10.80| 5.99 Bk Pall SESS PAHO Malays 632 | 10.30 io 930 | 2.96 | 845 20 
| B 48. 12 34. 12 11. 85 6. 40 4. 44 679 3, 100 SRC Wma ce alee ot pace SN [ae ees | See Se ee 

Center 51. 78 31.12 10. 85 | 6.24 1.48 aoa 2s 290) lee 06 595 3. 84 | 840 7.01 | 870 | 2.76 
| Cc 52. 23 30.75 10.57 | 6.44 2k: dat | 3, 010 720 492 14.14 940 4. 06 825 | 2. 56 

D 50. 11 32. 20 11.17 6. 51 1.98 706 3, 140 AD Ol ee ee el ee een | Sa ee ae lreme ee oe sf meee ee 
| 

earcg ae «ae Ee ateae Re [eae ae 50.94| 31.79| 10.95| 6.32| 2.78| .720| 3,002] 3.25| 573] 9.43| 903] 4.68 a7 |) 84 
Batch variation. ---__-..-_- WOniCeNbs |e occ - ae 2. 86 3. 45 2. 28 Pa | eee 5 eee | eee lea meas (ane coe esas oleae see oe eae (cee ees ere eee 

NG; SOCOM, 9) nos caer he aa 52.98 | 30.05| 10.95| 6.01| 3.20] .747!| 3,460| 13.431 585| 6.00 | 935| 4.91 880 11. 12 
| B 51. 75 31.05 10. 95 6. 25 97 728 | 2, 750 ON Soi ee ee eee kee eee a ee eee [eeeere sere || eh sx 

Center 48.48 32; 62 12.15 6. 74 6. €2 .681 | 3,040 eh) | 612 1.65 | 950 3.39 | 1, 020 3. 03 
C 52. 86 30. 05 10.92! 6.16 2. 62 . 747 2, 910 4. 58 | 670 7.66 | 1,065 8.31 1, 070 8. 08 
D 51. 45 31.15 10. 95 6, 45 1. 20 TEAS ISAO LTO ss 9 ey UR ae SSR SOE ll jog ae. OE aR | RO — FR. 

a ae eae ee SST | ae = 

Average Ms EE ape ee) an epee atl Ep eerie 51. 51 30. 98 11.18 6. 32 2.62 726 | 3, 050 5. 89 | 622 5. LL | 983 5, 54 990 7.41 
BALCH VariallOness. a. WeLceutes ase ss ese 2. 39 2.42 3. 44 GA: Hae IS Aa a I ey paneer [SSS 5 es es Eee || a eee 

INFO U S45 (CAT Ga 8) eet a ee ee A 47.95 34. 00 11. 90 6.15 2.98 . 676 4, 020 1.30 755 f25) | 980 4.45 965 9. 88 
B 48. 86 33. 25 11. 72 6.16 1. 60 . 691 4 S160 ieee Aptos or SIS oe he, Pe ee See | Pam ce SS | 2 

Center 48. 04 33. 62 12.10 6. 23 3.49 -680 | 4,055 | 44 | 795 6. 61 895 4.61 | 835 4.93 
C 50. 82 32. 00 11, 31 5. 86 2.47 723 3, 990 2. 04 | 687 Vestal |) 940 18 835 4.93 
D 52. 47 31. 00 10. 60 5. 93 5. 32 .744 | 4,140 OAs eee 35 |Pee eee a oes ee ala cies © cl Seem ee 

ASV GLAU C rene eee ey eee eee. SE eee 49. 63 32.77 2, | 6. 06 Btly/ | . 703 4, 073 1. 51 | 746 5. 24 938 3. 08 878 6. 58 
Batchivariations.-----_-.-- DeL cent>+|E-n ses 3. 25 3. 11 3. 98 De, SA ee eee aes | mere ee | eee ee ae ele ee Se eee Eoin [ese ee alee ee | cee he 

INVOM CS ICA TIO Ae O) eee eee A 50.31 | 31.52] 12.05] 6.11 . 66 715 | 3,560] 3.49 | 665 | 4.981 1,085| 3:71. 905 3.21 
B 47.45 33. 85 12. 09 6. 61 5. 85 667 38, 760 03 Oi Mie eee el ener ae Se eo Ee Pa eee 

Center 50. 51 a DEY! 12. 07 6.03 98 717 3, 380 1. 74 643 . 83 905 | 8.43 930 .53 
C 45. 51 34. 90 12. 90 6. 68 9. 63 . 641 | 3, 390 1. 45 605 5. 13 1, 035 | 4.73 970 3.74 
D 58. 75 25. 87 10.15 O22 15. 86 842 | 3, 110 PAO LES sa ae Ears ae eee |--------|--------- -------- 

A VOLO EG sare peewee eens oe eR op ee 50. 51 31. 50 1185 6.13 6. 60 716 | 3, 440 5.11 638 | 3.41 988} 5.62 935 2.49 
Batchivaniaylon=sssseese. <= percents. |S eases 22 605 Hae) aro OWE T | Meee oe eee eget eee eS Le en Meds [ee wee ee: PU ea SR A tre oe I So ee 

AVERAGES 

A 50. 70 31. 64 11. 48 6.18 2.91 ay tiled, | 3, 398 4. 08 616 6. 34 920; 4.52 875 | 4. 67 
B AO So mpoo Imma 2 eek. 24 eee TTY ed 70S wa, 408M GO" e eo. k es |e So eres cieeee ee gee es 

Center 50.75 | 31.47 11. 58 6.19 2. 58 718 | 3, 208 5.18 605 4.08 8739 | 5.36 889 | Peal fl 
C Holo eos Le 11. 02 5. 94 5. 74 155 |) 3, 224 3.49 598 7.46 905 | 3.81 891 4.73 
D 52. 39 30. 55 10.94} 6.11 4, 28 Hal || BESET AO Weer eee ee (ese | eee Fat ee eee 5 ee Sars 

Grandlaverages see ees aoe ee eee eee | 51.35 | 31.16 iG ees || Gh Ue} 3. 95 727 | 3,314 4.77 606 | 5. 94 901 4. 56 885 | 4. 04 
Batch variatione. 222.22" per centile ss ees | 3.48 | 4.04 4,21 AE OS | Eee ee oem | £2 ett =) See Me | ee ote tee een \oeu ee ee soon sealers owes woes 

Meri nivesless ease a ee dee Bs Tyieeog OM 1104 | - 5.8641. 2 el 770 | Sets See ha On ay Tih 2 eee Ci see 
| | 

These tables give the results of the analysis of each 
sample, the percentage of coarse aggregate, sand, 
cement, and water it contained; the average percentage 
variation of each material within the batch; the varia- 
tion factor within the sample, and the compressive and 
transverse strength of the respective cylinders and 

Column 2 of each of these tables identifies 
the part of the batch from which the sample was taken 
as follows: Looking away from the mixer, sample A was 
taken from the left front corner of the batch, B from 
the right front corner, that called Center from the 
central portion of the batch, C from the left rear, and 

beams. 

D from the right rear corner. centage variation would, of course, be zero. 

Under the caption ‘‘Proportions by weight” thes 
tables show in percentage by weight the values give 
by the analysis for the gravel, sand, cement, an 
water found in each sample. 
summarized, and then all batches sampled on eac 
job for a given batch size have been averaged togethe 
to obtain the summaries shown at the bottom of each 
of the various tables, and also combined into the 
smaller summary tables for each job or study. 

If it were possible so to proportion and mix the con- 
crete as to obtain the same amount of gravel, sand, 
cement, and water in all parts of the batch, the per- 

Each batch has also bee 

However, 
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TABLE 2.—General summary showing effect of size of batch on uniformity of mix and strength of concrete, for State-aid project 2926, 

Sheboygan County, Wis.; 27E paver, 1927 model, good condition; aggregates, good limestone gravel, pit sand 

| 
| Beams 

Proportions by weight saad | Work- Sharer a 28 days 

a + hater Part of sample | ability 7 days 

Size of baten batch varia- | factor End break Center break 
tion | b/bo 

553 factor | 7 

Gravel] Sand (Cement) Wat strength) V2 |strength| Vet |strength| V2" | strength} Varia | Gravel} Sand |Cemen ater g tion g tion tion tion 

| St eI os = _| ay | 

Per Per Per Per Per | Lbs, per| Per | Lbs.per| Per | Lbs.per| Per | Lbs. per| Per 
cent cent cent cent cent | sq. in. CORT en Sdeat it. cent sq. in, cent sq. in. cent 

27 cubic tection. ---— ---. a Sia s ee A 50. 70 31.64 | 11.48 6.18 2.91 0. 717 3, 398 4.08 616 6. 34 920 4.52 875 4, 67 

B | 49.82 32. 21 bE 74 6. 24 fall) 708 3, 408 6.6L y|\a2. 2 lse 028-5. |Sse ee aN eee eee | eel 
Center | 50.75 31.47 11. 58 6.19 2.58 | 718 3, 208 5.18 605 4. 03 879 | 5.36 889 2.71 

y | 53,11 ZO AL OZ 5. 94 6.74 | .755 3, 224 3.49 598 7. 46 $05 | 3.81 891 4.73 
D | 52.39} 30.55] 10.94] 6.11 4, 280 AgPad ol) 8 133 Homes 50) ane ae ee eee fool | eee [aus Saleen ee | 

AN OTAGO 5s oc ee eee ee | eee ee 51. 35 31. 16 iiagsae eoe13 3.95 | 727 | 3, 314 4.77 606 5. 94 901 4. 56 885 4.04 
Batch variation...-.---.-- VPELiCON b= eens 3. 48 4, 04 4. 21 408) loo coo ee ie ae |S eres Jboo 2a sn2|ooeeo. 2 o| lee See Te |e ee 

S0ieubicviests----- ee Bey eae STA A 50. 05 32.34} 11.28 6.31 6.32} 208 3, 252 7.13 582 §. 37 868 4.12 818 4. 66 
B 49, 21 32.62 | 11.67 6. 49 | 6. 67 . 692 3, 433 6. 28:52 4 eaee set a ee ee ee ee | eee 

Center | 52.11 30. 82 LORS hes whee 2. 57 739 3, 262 4, 33 586 2. 06 855 3.90 870 4.7 
C 56. 56 27. 76 10. 15 5. 62 8.51 810 3, 178 8.99 568 5. 45 859) 2.74 882 6. 03 
D 54. 21 29. 36 10. 57 5. 86 4.03 aire 8, 372 OS 2 cer ee kil a ees eee seo ews salsa d oe | eee 

Average____- Be sane Bee peo 52.43 | 30.58 | 10.90 6. 08 5. 42 744 3, 300 7. 20 579 4.25 861 3. 59 856 6.17 
Batch variation _.._-.-.--- DEL COM =|) Sena as 4.77 ROO SOTO 8: 620 }2 8 2 eee hoo 8 os os Re ee oe ee |e ee Pacers <a] ee ee eee 

SsiclpiCwest = 4- . S- seen ee ee A 49, 97 Sie Sq aml Oe 6. 24 3.78 . 708 3, 508 6. 39 612 4, 22 861 | 5. 66 868 5. 02 
B | 49. 80 31.98 | 11,94 6. 28 5. 02 704 3, 433 6:16 Whee ly ES. 2502s |e ee ee ee eres 

Center | 51.98 30. 30 11. 65 6. 10 4.45 737 3, 539 5. 18 642 3. 64 $20 4.05 882 5. 03 
C | 64.60 28. 51 10. 94 5. 96 6. 90 . 776 3, 474 3. 98 636 3. 49 919 3.18 951 8. 02 
D 52. 50 30. 23 21 6. 04 | 4.65 745 3, 608." - 6.60). =-5 2 Sls 2 |S A oe ee 

Average. 22... feos pe see A} | At | Pay Laie VAs} 30.58 | 11.53 6. 12 4. 96 | . 734 3,512 | 5.66 630 3. 78 901 4,29 $00 6.08 
Batch variation_.....--__- Dericenbss|yete oes 4.41 5.04] 5.46 4.4K. 2) aS Sate. Jala meee Jewna--volea 22S EE Soe ee a ee ee ee 

| = 

Bb CubiC fetes eae eae ee | A 50. 99 31. 63 11. 25 6.12 2. 76 | 716 3, 148 4,94 602 2.91 882 5.21 897 5. 04 
B Hl 2) 31. 53 11. 09 6. 16 3. 59 . 732 3, 102 6. 66. (ee s2l beg.) cS N ee ESS ee eee 

| Center 49, 85 32.14 | 11.47 6. 33 Dawei . 705 OiSOOO HE Oate 607 3. 73 886 3.14 803 5. 58 
C | 638.23 30.29 | 10.53 5. 93 5. 80 . 756 3,069 | 6.20 611 3. 17 861 3. 35 854 3. 95 
D | 54. 08 Pay é 10. 63 5.71 | 5. 66 770 3, 211 | Bi 0D. joe cee ST eg a ee 

SA VOLTAGE: oak ae eee oe eee HP ag el | 5 88h VSie03 Is 1104 6.05 | 4.59 | . 735 3, 178 6. 47 607 3. 27 876 3. 90 885 4, 84 
Batch vanation = 22-2. per centseseess =e 3. 97 4. 06 5. 99 4.37 |2221-12,-|2-2555-4| 324-822) = Se ee ee ee ee ee re 

| } 

TABLE 3,—General summary showing effect of size of batch on uniformity of mix and strength of concrete, for State-aid project 2926, 

ae te 4 ee 

| Beams 

Proportions by weight pee Work Wicgneee ord 28 days 

- Part of | sample | ability ’ 7 days = 
Size of batch aaa . - batch | varia- | factor End break Center break 

tion b/bo 
| = = factor 1 

Gravel | Sand |Cement Water Strength vere Strength ike Strength! va Strength vere 
| | 

— — —— — }—— }- —_ 

Per | Per | Pen Per Per Lbs. per| Per | Lbs.per| Per | Lbs. per| Per | Lbs. per| Per 
4 ' cent Cente Mm NcenNt cent cent sq. in. cent sq. in. cent sq. in. cent sq. in. cent 

27 CUDICHeehhe a aasc ane ho ee ee A 52,89 | 29.63 | 11. 51 5. 96 3.65 | 0.753 3,616 | 10.29 613 5.45 890 3. 80 859 4.39 
B 52.76 29.95 | 11.55 5.73 3. 07 - 751 3, 491 5,40) See eS Es a ae a oe | 

Center | 53.79 29.07 | 11.36 Onin 3. 69 . 766 3, 370 8, 21 573 3.95 837 4. 56 824 4.81 
C | 52.78 29. 76 11. 59 5. 87 2.72 . 751 3, 623 4. 60 593 2.76 878 2.71 880 5. 56 
D 52.78 | 29.82 | 11.60 5. 81 4, 24 . 752 3, 671 8) 90 cl Seeer es Hasan ae" | eee oe |--------]---------]-------- 

| { 
A VOQUEE On ee aoe nee Ok eee See eee 53.00 | 29.65 11, 52 5. 83 3.48 . 755 38, 554 7. 48 593 4.05 868 3. 69 854 4,92 

Batch variation. _4_=J_perieemts2|=-se 2. 2 2. 59 3.40; 4.14 BiTT \eecetel an [e seas lek]. she aka cee Soe eee ene led Soc | | 

SO; cuDicieote a= pea ee ee wee A 52.13 | 30.07 11. 88 5. 92 3. 36 . 740 3, 678 8.91 611 5. 34 913 4, 48 903 7.33 
B | 53.38 29. 34 11. 59 5. 68 2. 69 . 762 3, 711 A. OO. Se eS os St eed ree 2 a ee 

Center | 53.93 28. 70 11. 62 5. 74 4.69 . 769 3, 494 4.47 619 3. 83 919 3. 58 921 4.81 
C | 53.35 29. 04 11. 66 5. 94 4. 98 760 3, 577 9. 96 614 4. 05 873 4, 82 890 4.89 
D | 51.43 | 30.58 12.01 5. 98 4.17 . 728 3, 729 5, 89 json ie aS Se ee | ha ee | 

| | 
= ESViGLA 2 Ones sees nae ee Be he eo eres 62,84] 29.55 | 11.76 5. 85 3. 98 . 152 38, 658 6.75 615 4.41 901 4,29 904 5. 64 
Bich Variations 2-9. = per coniee|--=eeeaee 3.18 3.72 3. 50 6.'62: | == ome ewe| ane ccna ese satel eh Sr eet | ee ea a bo 

eSicwhi¢ feat Ass 2 ees See A | 51. 87 30. 69 11. 53 5. 91 2. 36 . 736 3, 911 6. 29 623 4. 20 905 4.10 864 4.63 
B 52.65 | 30.18 11. 26 5.91 4.00 . 748 3, 956 6.70. <2 35 8A a ae ee eee 

Center om a ue i 4s e a 4.31 . 744 3, 819 4. 86 609 3. 58 906 2. 72 900 4.13 
| y 8 3 5 i 4.03 721 3, 947 5. 32 624 Onli 914 3.77 864 4.91 

D 52.42 ! 30.65 11.16 5, 10 3.19 747 3, 874 6589 ne See ee |e 

AVON A 8 . ete eet Le el eee 52.04 | 30.56] 11.49 5. 90 3. 58 739 3, 901 5.81 619 4.4 is < Batch variation__-.________ per cent By BAe | 2.87, 3. 66 4. 20 Si.00 joe Cees ecole ee ler eel eee ne a : [Chi fos na cay afeo eee at) a |e es: 

3b. Cubic fois! 4 - eee eeeee a e | A 51.65 | 30.85 11. 69 5.81 2. 70 . 735 3, 858 4.83 610 6. 83 916 4, 80 913 3. 86 i B 52.58 30. 2 11. 43 5.71 B23. (ON TAO O08) | eaib! Soh, suena ee etd Paige: Ys, na UES aati aera 
| Center ' | , 5. 86 3.31 . 736 3, 809 5. 89 600 6. 11 945 4,88 870 5. 15 
| e) 53.01 | 29.76 | 11.38 5. 85 4.69 . 753 3, 818 4.77 611 3.19 910 5, 83 936 4.62 
| D 53.52 | 29.48} 11.40 5. 58 4.75 763 3, 719 1.84 (ose Oeste Le FA ae oa ee 

SVOrRle Ise e. See eee eee 52.50 | 30.18 11. 55 5.77 3. 74 748 3, 846 5. 84 Batch variation--.__-____- per cent_.|-....-.__- Pre ea MP AO MMe Be De ape tl Beg BaD WA CARE a B® ¥. eae en ae ss hin BP tee er 
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since it is largely by chance that the individual particles 
which make up the concrete go where they do, there 
will be variations in the distribution of some or all of 
the ingredients. The greater this variation, the less 
will be the uniformity of samples taken from point to 
point within a batch. To compare the amount of 
variation within a batch, a factor of variation, or per- 
centage variation factor, has been computed and is 
shown in these tables for each individual sample. 
This variation factor has been computed as follows: 
The percentages of gravel, sand, cement, and water for 
the five parts of each separate batch have been averaged 
and the arithmetical average of the percentage variation 
of each of the four ingredients in a sample from the aver- 
age of the like ingredients for the batch, when expressed 
as a percentage, equals the variation factor for thesample. 
This factor is given in the seventh column of Table 1. 
The larger the number the greater the variation, and the 
smaller the number the greater the apparent uniformity. 
The percentage variation of each ingredient from the 
average of the batch is shown below the average of the 
percentage by weight of the four ingredients (gravel, 
sand, cement, and water) and was computed for each 
batch and also for the summary sheets. 

The workability factor, 6/b,, tabulated in the eighth 
column, is the ratio which the solid or absolute volume of 
the coarse aggregates in a cubic foot of the concrete 
bears to the solid or absolute volume of a cubic foot of 
the coarse aggregate. The percentage of excess mortar 
is equal to 1—6/b,. For any given set of job con- 
ditions, this factor appears to be a good index of how 
workable the batch will be. Under the heading ‘‘Cyl- 
inders, 28 days” is shown the compressive strength for 

each cylinder as well as the average of all cylinders made 
from each batch. These data are so arranged as to 
correspond to the other factors shown for the same 
parts of the batch. The beam strengths are shown in 
like manner. 

On the Arkansas and Wisconsin projects definite 
amounts of cement and water were specified and the 
grading of the coarse aggregate was closely controlled 
by the use of separate sizes. The mix was designed 
entirely by State engineers. Comparable conditions 
were therefore obtained throughout the tests, and the 
same materials were used for each series of tests. 

SIZE OF BATCH SHOWS NO ESSENTIAL INFLUENCE ON CONCRETE 
QUALITY 

Tables 2, 3, 4, and 5 give a concise summary of the 
principal part of the work on the two Wisconsin jobs. 
An examination of the values given in these tables for 
the average variations of the concrete ingredients 
within the batch, the average compressive and trans- 
verse strengths, and the average percentage variations of 
these strengths within a batch, indicates that with a 
60-second setting of the batchmeter no essential differ- 
ence can be detected between a 27-cubic-foot batch and 
a 35-cubic-foot batch for any of the four mixers used 
on those two jobs. For example, if we combine the 
work on the two Wisconsin jobs for the period during 
which the new mixers were used, as this would illus- 
trate the results which can be obtained under the most 
favorable conditions, we have the values given in 
Table 6. 

If we now turn to the period when 3-year-old mixers 
were used on these two jobs as representing the re- 

TABLE 4.—General summary showing effect of size of batch on uniformity of mix and strength of concrete, for State-aid project 2916, 
Sheboygan County, Wis.; 27H paver, 1927 model, good condition; aggregates, good limestone gravel, pit sand 

Beams 

A ‘ . Cylinders, 28 
-ropo by weight Aver- : : 28 days | Proportions by weig nes Work- days j 

"7 Part of sample | ability 7 days — 
Size of batch 5 Ber : : atch varia- | factor * mens 3 

el bibg End break Center break 

— Has —| factor = Sa eo S| eee : 

Gravel} Sand |Cement| Water Strength Mag Strength| ae Strength vane Strength| yee 

Per Per Per Per Per Lbs. per| Per | Lbs.per| Per | Lbs.per| Per | Lbs. per} Per 
cent cent cent cent cent sq. in. cent sq. in, cent sq. in. cent sq. in. cent 

DVACUI DIO 1OGUse =< nae oot ees eee A 50. 28 ole 79 11.16 6. 09 6. 33 0. 716 3, 726 5. 96 578 4, 48 900. 4. 57 887 3.19 
B | 50. 87 31. 28 10. 89 6, 29 6. 06 . 728 3, 572 (ERE ioe Ca eae te eal Ape eee (Be oS ges] |G kg RR es DY od Ne 

Center. 55. 99 27. 58 10. 06 5. 69 7.10 . 803 3, 840 9. 58 590 7. 23 £90 5. 34 872 Laid 
C | 53. 47 29, 21 10, 82 5. 84 saa .770 3, 507 4,98 567 4.86 879 3. 46 | 825 3. 90 
1D) 53. 75 29, 28 10, 50 5, 7 6. 45 . 773 3, 550 ANNO OR Nineties ee ee ee |e, Pace Saeco ease ae 

iA Herage.t soca-+.. ek Saat dele © 52.87 | 29.83] 10.68| 5.94} 6.22] .760} 3,549| 6.30] 578| 5.52 g00| 4.46| 865| 2.88 
Batch variation ---------. - Percent si. eee 5. 07 6. 45 6. 94 GRAZ bear eee ey 2s \Rennaee= Woodsen ed We SE, ee en ee ee eee ene oo 

SOcupietedte ses a2 a eee eee A 49, 89 31, 46 11. 89 6. 00 4,60 LO 3, 803 (oily 631 3. 48 926 4.55 | 884 (Ent) 
B 50. 74 31.19 11, 12 6.14 | 3. 43 poe | 3, 863 Peres caaelt os eee We ee [Ses OE OS yn be 2S 

Center. 53. 64 29, 38 10. 46 5. 69 5. 96 .783 | 3, 500 8. 20 633 3.31 938 | 3. 22 886 6. 32 
ie 53. 61 29, 34 10, 42 5. 89 5.78 . 788 3, 821 5, 44 619 4, 50 915 4, 01 905 5, 06 
D 50. 81 31.18 11.19 6, 02 3. 44 . 138 3, 678 DOASS io Meee |e ee ee eee oe een 7 ee Ae fe ee es 

VOLO O Se ee ees ot te eh (ee ee 51. 73 30. 50 11. OL 5. 94 | 4.62 | 749 | 3, 733 6. 48 628 3.74 927 3. 92 890 6. 35 
Batch variation. -_--------- pepcentes|l sss sae8 3. 62 4,30 6. 60 oh | Ese eres Sy (pee eee MR ae i (9 eS --------|---------|--------|---------|-------- 

33 cubic feet____- Sof 2 aeons eee A 50. 68 | 31, 00 11. 45 6, 16 | 4,48 . 724 3, 653 | 3. 73 603 4,55 893 4, 46 896 3. 45 
B 50. 44 31. 43 11.16 Comte 3. 41 sia SAT ey) REN RAR Sa 0d Es se Ei aed Elo aah 2g NT 0S hee YE eet (EP == 

Center. 53. 09 29. 77 10. 48 5. 91 4.49 . 165 3, 568 3.97 595 3. 63 896 6.11 882 er i 
C 51. 74 30. 37 11.138 6. 05 | 3. 55 738 | 3, 823 4. 40 617 4.40 940 5. 64 899 3. 0; 
D 51.95 30. 57 10. 84 5. 94 3. 88 | 746 | 3, 742 AE Dal eee Se |W se ee tlle se eto. | eee a | ee 

Average____- See ee ee ee | Pe §1. 59 30. 63 11. 01 6. 05 3.96 | 738 | 3, 680 4,45 605 4. 20 910 5. 40 | 892 3. 42 
Batch variation_.---------- per cent Jiao eS 2.97 3. 16 5. 88 S490) Bae ee fea ee el ee eects oe es AR oe Ee ee eee te el ee | eye en Sere 

SECU DIO 1eebae ae a. 25 ee ee ee ae ne Geese A 51.18 31, 37 10, 88 5. 89 | 5.51 | .7365 | 4,015 3. 74 600 3. 37 936 3. 74 919 3. 82 
B 51. 50 30. 89 10. 91 6.04 | 3.76 .ta¢ | 3,962 5503 Gea we onesies = sonnet aoe a ps eal be ea |----=-=- 

Center 50. 73 31.51 11, 44 5. 66 4.09 2729) |) 3,827 3. 39 613 5.01 925 5. 93 899 2. 81 
C 54. O1 29. 28 10. 25 5. 74 6.06 | .777 | 3, 846 5, 59 597 3. 95 930 6. 61 916 | 2.98 
D 52.79 29. 88 11.18 5. 47 4. 67 2/762 I» «3, 865 Siege ren eee Le ees ee ees soe |-----==- 

AT! Ola 2s Saeeet As te eR See 52. 00 30. 61 10. 95 5.76 4.79 | 747 3, 903 5. 29 603 4.11 930 5. 43 913 3. 22 
Batch’ variation --_.----._- j OYE) EXCEL =) 6 ee, (aap 3. 03 3. 58 6. 50 6! OF ce eae ee ET | pa As 28S ae Oo SE OE |e Beka eel OES ee Soles Ae i See at ee 

| 
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TABLE 5.—General summary showing effect of size of batch on uniformity of mix and strength of concrete, for State-aid project 2916, 
Sheboygan County, Wis.; 27-E paver, new; aggregates, good limestone gravel, pit sand 

| | Beams 

| : s : | Aver- Cylinders, 28 8 days 
| | Proportions by weight execs Work- days es 2 y 

; | Part of sample | ability days 

ere ob Daten | batch varia- | factor End break Center break 
tion b/bo ‘ 

factor - -|—— —--~ 

Gravel| Sand |C Wat Strength) V8T!@- |strength) V 27! | strength) V7 |strength| Varia- rave an ement| ater reng tion eng tion g tion tion 

Per Per Per Per Per Lbs. per| Per | Lbs. per| Per Lbs, per Per Lbs. per Per 
cent cent cent cent | cent sq. in. cent 8q. in. cent sq. in. cent sq. in. cent 

OT CUDIC TOO sa aa eae ae ee A 61.31 | 30.95 | 11.85 5. 56 | 4,27 | 0.739 3, 632 6. 71 574 5. 88 | 853 3.17 832 5. 67 
| B 51.54 | 30.82] 11.69 5. 56 | 3. 46 . 741 3, 601 4°75) | os ll ene | 

Center 54, 24 28. 94 11. 03 5. 41 4, 68 .779 3, 480 6.15 DORs 1nd 810 5. 29 | 842 4. 87 
C 52. 98 29. 56 11. 61 5. 46 | 4. 33 . 766 3, 708 aod 592 4, 24 845 5. 24 | 877 6. 54 
D 52,10 | 30.19 | 11.87] 5.53 | 3. 50 . 750 3, 748 63244 |S eer [eoeecee rs oe PE SES ees fees cs 

Average. _____- SO Made fate OAL | 52.43} 30.09] 11.61] 5.51| 4.05 755 | 3,634] 6.04 579 | 5.41 836 | 4.57 850 5. 69 
Batch variation__________- Percent es sauna ne a 3.19 | 4.39 AAO | ALIBI oan alae coc ese ea ne eecoeleatenene|sgeaene ale eee ee 

SO cubicleetcssse eee ee eee | A 50.85 } 31.08 || 12:23 5.55 | 3.57 733 3, 660 4.10 586 4.47 846 5.15 873 6. 62 
B 51.45 | 30.66 | 12.14 5. 48 3. 26 743 3, 664 AUS R See ee Se ee ee 

| Center 52.10 | 30.33 11.79 | - 5.48 3. 06 751 8, 569 3. 44 581 4. 40 831 4.70 875 5. 79 
| C 51.95 | 30.40 11.95 5. 45 3. 89 752 38, 809 3. 63 598 5. 64 857 6. 53 857 6.138 
| D 50.66 | 31.10 | 12.58 5. 36 4. 46 SRP) 3, 679 6510 Roe RSS ee eee eee ee |---------|-------- 

Average_-.--.- See Sees hee eat 51.40 | 30.71 | 12,14 5. 46 3. 65 744 3, 676 4.31 588 4, 84 845 5. 46 869 6.18 
BaAtchivariahonese os. sese per conte|i ee ee 2.38 | 2, 96 5.17 4,08) ire te stese ose acs cte Sio s ah | eee ee ee ce ee ee 2 | 

OB) CUDICHOC eae eee ne eee eee | A 52. 38 30. 06 11. 38 6.72 3.03 | 155 38, 496 5.77 592 5.79 856 5,17 853 5. 69 
| B 51. 64 30. 82 11. 54 5. 65 4. 07 753 3, 488 3 DLCs Se see ee ee la 

Center 52. 69 29. 72 11. 66 5. 60 3. 59 168 183, 200 8.08 588 4.61 851 4.65 851 5. 97 
| Cc 53. 50 29. 00 11, 34 5.75 | 511 Od, 3, 550 5. 59 590 3. 44 854 1.37 844 7. 66 
| D 53.17 | 29. 56 137 5. 49 3.20 nou 3, 541 OS 14) ae ee eee |----2----|-----2--/--------- [e--22--- 

MAIN OTAGO. crycas Senet ee ee oe 52.68 | 29.83] 11.46 | 5. 64 3.81 757 3, 470 6. 42 590 4.65 854 5.61 852 6. 40 
Batch variations. 2-22-50 Per econtes|sseee ee 2.91 3.97 4,48 3.91 |lil oc seb hie e| lee ea eet a Ee ee ee ah | ee eee 

BO CUDIGHOCLS 95 ee ene eee A 50.98 | 31.20! 11.81 5.61 | 3. 66 732 3, 648 5. 83 586 5. 67 830 6. 80 825 5. 08 
| B 51. 80 31.15 10. 97 5. 68 3. 93 742 3, 862 Uih2 tose se Rl 8 sie ee Se ee ee en ee 
| Center 51,95 | 30.52 ib e®) 5, 40 3.7 750 3, 662 4, 23 606 5. 50 846 8. 00 815 4,72 
| C 53.97 | 29.38 10. 82 5. 46 4.62 778 3, 806 4.58 584 4, 35 798 6.06 | 795 6.77 
he ad) 52.00 | 30.41 | 11.53 5. 68 3. 44 747 3, 686 8.1 0a ae eee [Sw See \o2c~-nsopo|nsureth | Seenee oe eee 

Average. .____- Ei 0 teh fe I x SAS eae oe AP | BOE! Ta Sy 5. 56 | 3.89 749 3, 733 5. 99 592 | 6.17 825 6.95 812 5. 48 
Batch’ variation._2—2- =. oe. per conte asses 2°55.) 3.15 5. 30 4506. | Saccna 2 oee a ese ee |S seed ee ee ee ee | en 

| | 

sults which might be expected when old equipment is 
used, we have the values given in Table 7. 

TABLE 6.—Combined average values of compressive strength, modu- 
lus of rupture, and variation factor obtained on Wisconsin State- 
aid projects 2916 and 2926 for periods during which new mixers 
were used 

| 
Compressive | Average variation Variation Modulus of . 

a: strength of pon) eer factor 
Size of batch cylinders at pepe ailania 

28 days y Cylinders Beams batch 
See 

: Lbs. per sq. in.| Lbs. per sq. in.| Per cent Per cent | Per cent 
27 cubic fechas see | 8, 594 852 6. 76 4.72 | 3. 76 
30 cubic fects | 3, 667 | 880 5. 53 | 5.39 | 3.81 
33 cubic fe6t kis | 3, 685 | 872 6. 11 5. 02 3.70 
35 cubic feet_.._.._- 3, 790 866 5. 92 5. 53 | 3.81 

General average__ 3, 684 867 6. 08 6.16 | Bris 

TABLE 7.—Combined average values of compressive strength, modu- 
lus of rupture, and variation factor obtained on Wisconsin State- 
aid projects 2916 and 2926 for periods during which old mixers 
were used 

Compressive Average variation Variation 

Size of batch strength of ae eee =F | ea factor 
cylinders at 98 days withia 

28 days Cylinders Beams batch 

m : Lbs. per sq. in.|Lbs. per sq.in.| Per cent Per cent | Per cent 
27 cubic fest. =A- .| 3, 431 | 885 | 5. 53 3. 98 | 5. 08 30 cubic feet... _____| 3, 516 | 883 6, 84 4.76 | 5.02 
33 cubic foots 428s | 3, 596 901 5.05 | 4,78 | 4.46 
35 cubic feet_._____- 3, 540 901 5. 88 4.35 4. 69 

General oh So 3, 518 892 5. 82 4,47 | 4,81 

_We find nothing here that indicates any significant 
difference. For the period during which the old mixers 

were used the cylinder strengths average a trifle lower, 
but the beams were stronger, and, while the batch varia- 
tion was a little higher for the old mixers, because of 
spreader-bucket design, the variation of both beam and 
cylinder strengths was less. The value of the concrete 
produced by the old mixers, therefore, seems equal to 
that produced by the new mixers, but, as will be shown 
later, the rate at which concrete could be produced was 
considerably greater for the new mixers. 

Analyzing the summary table for Arkansas (Table 8) 
for the same variation factors as to uniformity and 
strength, we find that these data indicate that the 
quality of concrete was not appreciably affected by the 
use of batches varying from 27 to 37 cubic feet. 

INCREASE IN BATCHMETER SETTING ABOVE 50 SECONDS PRO- 
DUCED LITTLE EFFECT 

In order to investigate further the effect of the mixing 
time when larger than normal batches are used the 
setting of the batchmeter was varied to give mixing 
times of 50, 60, and 80 seconds during one series of 
tests on the Wisconsin jobs. Both 30 and 33 cubic-foot 
batches were tested in this manner. These data are 
summarized in Tables 9 and 10, for the 30 and 33 cubic- 
foot batches, respectively. Average values for both 
sizes of batch are given in Table 11. As shown in this 
outline, mixing either the 30 or the 33 cubic-foot batch 
more than 50 seconds (batchmeter setting) did not pro- 
duce higher strength and resulted in only a very slight 
apparent improvement in uniformity of mixing. 

Further light on the variations in uniformity and 
strength of the concrete on the several jobs under dis- 
cussion may be obtained from a study of the data given 
in Table 12. The detailed tables, of which Table 1 is 

a ne 
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TABLE 8.—General summary showing effect of size of batch on uniformity of mix and strength of concrete, for Federal-aid project 259-A, 
Jefferson County, Ark., 27 E paver, good condition; aggregates, trap rock, river sand yo / 

= e E = 

Beams 

Aver- | Ovli 3 = — - 
Proportions by weight age | Work- | : sar oot 2 28 days _ Fi Part of sample | ability | cs 7 days aR Buze of atoh batch varia- | factor | ar S ae Sin ET 

tion b/bo End break Center break 
7 = factor => == <== 

| = Ne : . ie Varia- | q Waria- ie rp) Vata Nigh nea || \enia 
Stone | Sand i ement| Water | | Sireng iby aa Strength) on Strength tion Strength roe 

e | ae — as Js tt ft EET | aS 
| | 

eer IRTP Per: Per Per | Lbs. per| Per | Lbs.per| Per | Lbs. per| Per | Lbs. per| Per 
. cent cent cent cent cent | sq.in. | cent sq. in, cent | sq. in. cent sg. in, cent 

FCW DIOH GC he eee ys Se ee A 47.58 33. 56 12. 08 6. 53 5. 62 0, 733 4, 548 5. 76 721 | 9.386 | 705 8. 04 | 715 | 4, 37 
B 49. 60 32. 27 11.83 | 6.05 3. 92 MANS BS see once BY PP AO He Say oe saad et (Lach Sseetene Ce SU ee Biel ee eae nr 

Center 49. 33 32. 48 11. 90 6. 06 4.38 LGV ee see ee 627 Bi23 681 6.14 716 5, 22 
oO 50. 61 31.78 20 |) 62.08) 6.35 .783 | 4,594 5. 76 637 7.06 | T35\e" Teor 683 5. 80 
D 52. 74 29.72 | 11.63) 5.76 | 5. 06 SIGH ee ee ere calico ae a eee crate jong oe ee $6 doles ca 

A VOLS Gx a amety Une aie = we Se rat pee 49. 90 32. 02 | Lie | 6.11 5. 07 Te 4, 571 5. 76 662 ieee | 707 7.18 | 705 . 13 
Batch variation... _-._=.-_- Hericenies|— =e 3. 97 4.35 | 5.44 (Sie defi [as se a eS ee | era | (ere ae Oe Aen Ee ee Rees eee eeerere | i as 

Sorcubintostis eee ee A 46.43 | 34.87 | 12.39| 6.35 4. 87 716 | 4,526! 7.00 641] 5.81| 608| 6.64| 6771 6.18 
B 48. 17 33.22 | 12.20 6.15 | 5. 16 700, eee ee eal Pee ae : : a | Aer . 

Center 48, 65 Bor 22 lle co 6.15 5. 19 . 752 she deeae a ae 641 6. 84 680 8. 66 692 6.77 
C 48, 24 33. 14 12. 61 5,77 6. 08 5 Teal 4, 555 7.00 633 6, 37 712 4,25 | 686 | 3. 22 
D 50.38 | 32.35 | 11.07 5. 96 6. 27 TEQIE See eee oe See icy 

Average__-_-- eS ee 2 ail eRe 33.30 | 12.00 6. 08 5. 51 749 | 4,540 7. 00 638 6. 34 | 695 6.52 | 685 | bea 
Batch variation. ____ Bose Den cen te. Z 4.74 4.44 | 8.45 4.42 wl ger pa tes i: weal : . f L 

: = =| = SS = 
B2CUDiCHOOLaeene em gee = A 46.78 | 34.88 | 11.85 6, 24 3.90 il 5, 327 5.15 689 (ethtl || 745 iti 695 | 3. 38 

B 49. 52 32.84 |} 11.35 6.04 | 4.57 BA cy (| So Shee | eee ae ae | be 3 | “ 
Center 47.36 34, 37 LL. 86 6. 16 3. 94 AGG! Sa ee ee ees | 678 4.38 750 | 4.62 704 | 4.53 

(@ 47.14 34. 52 12. 05 6.05 6. 30 oom 5, 579 5.15 658 8. 39 | 717 2. 95 714 | 4, 25 

D 48, 56 3a. TL 11.61 5. 88 5.18 he, Pee cee see ar ae eae eee 
| ) = oe (SS my Bo : 

ACV ORM S Ree ae eee eee ee Se Se 2 eens 47.87 | 34.06 | 11.74 6. 07 4.78 741 5, 453 5, 15 675 6.85 737 | 3. 78 | 704 4.05 
Batchavarigtion sess ec! percents. es. we ALAN S97 ane 6: OD. AUS heme Meneses ee eh. See aA So We es aye EA PS 

= ——S |= —— 

SA CUDICHCOl sae aa nee ee Rar A 48. 04 33.96} 11. 57 6.18 4.71 742 5, 596 4.83 761 6.09 753 3. 59 | 756 | 8. 05 
B 47.65 34. 41 11. 81 5. 88 3.14 (Coo) |S ae eee wee ee ee eee ae Pees SI} Pee ee ee iz 

Center 47. 80 34, 32 HG all 5. 92 3. 07 wh ae, Se Oe Es ae Se | 719 5. 55 774 6. O7 696 | 5.48 
@ 49. 46 33.01 | 11.33 5. 94 4. 58 766 5, 534 4.83 | 671 T.12 718 6230 672 6, 70 
D 49.13 33513) 268 5. 80 4.18 PRCA EY: Sal a ae NO pete esas |e Sie |e eesti ps [S(O tae fal Ex= 

|. — -— —_ 

ASV Oran Oe Aen eae Bes aa cert es | 48.39) 33.79! 11.62] 5.95 3.92] .749| 5,565] 4.83 miele 6,45; | 748. | 5.38 708} 6.74 
Batch variation ___-.______ Den Celie 3. 14 3.26 | 5.29 ERG), x pera a and ES SY &) ee ee eae eae eee lee ae Be (Ae ae ae | u 

SYP Gul os CON CYA ree Bese Na sae oe oA gL A ATE OO Wie eee 12. 15 6.11 5.36 ioo 4,971 6. 68 681 3. 98 705 Vets) 676 5. 77 
B 48. 69 33. 72 11. 30 6. 04 By fil (2) pee ee seen el pee SFE ee ee ees 2.) ere = 

Center 47. 64 34. 07 12. 23 5, 82 3. 62 St toM | Es 6 See) Ee eee e 702 7.22 | 718 hoe 695 5.35 
C 50. 20 32. 47 11. 58 6. 51 §. 21 775 5, 060 6. 68 667 6.88 | 758 7. 86 690 | 7.14 
D 48. 16 34.03 | 11.73 5. 83 4. 53 TION IO | en BR Se tt | apg oval) 8 ee 4 ee ee | ene Bee re ee fae ae eee 

ie “} : — — | = — ; : 

PAS UG BEN a oe Pens oe ee ee a ee eS ee 48. 40 33. 70 11. 80 5. 86 4.49 747 5, 016 6.68 | 683 6. 03 | 726 7. 50 687 6. 08 
Batch variation__------_-- Mercen tos tee = ees 3. 30 2504 se ONGlL ol Chi eee se | ee ee ee eR | Eee te lecaeeete |---~-~---|--=-----|-------- ‘ 

= | = = me 

Generalvav.erac Cemeeean a eames) a ee eee (EE oe eS ie Be a et 4.75 752 5, 029 5. 88 675 6. 58 722 6. 06 698 5. 47 
| | 

an example, were examined to determine, for each batch 
on all jobs, the maximum and minimum values of varia- 
tion factor, compressive strength and percentage varia- 
tion, and flexural strength and percentage variation. 
These values were then averaged for each job on the 
pasis of batch size and mixing time. The results of 
this computation are given in Table 12. A final con- 
densed summary of average values for each of the three 
jobs is given in Table 13. 

It is interesting to note that the average job values 
of the cement content and water content on the Wis- 
consin and Arkansas jobs were very nearly equal. 
The specifications for the Wisconsin jobs called for a 
minimum cement content of 5 sacks per cubic yard of 
concrete and 6 gallons of water per sack of cement; 
but as the work progressed, it was found that less water 
was required for workability than was anticipated, 
with the result that a cement content of slightly more 
than 5 sacks per cubic yard was obtained. The speci- 
fications for the Arkansas project required a minimum 
cement content of 5.40 sacks of cement per cubic yard 
of concrete and 5.25 gallons of water per sack of cement; 
but, because of the extremely high temperatures and 
low humidity experienced during much of the time of this 
study, more water was required than the engineer had 
anticipated. The coarse aggregate used on the Ar- 
kansas job was a crushed trap rock, while the coarse 

92185—32——2 

ageregate used on the Wisconsin jobs was a limestone 
gravel. The maximum size of aggregate on all three 
jobs was approximately 2}5 inches. 

Except in the case of the two Wisconsin jobs, both 
of which used the same brand of cement and the same 
kinds of aggregate, the beam and cylinder strengths 
are not really comparable one job with another, because 
different kinds of aggregates and cement were used on 
the other job. 

With these qualifications in mind, it may be said for 
the three jobs studied that the data on uniformity of 
mixing and resultant strength indicate that as good 
concrete can be produced from batches at least as large 
as 34 cubic feet as from batches of any smaller size 
between 27 and 34 cubic feet, when all solid materials 
are mixed 55 seconds (i. e., with a batchmeter setting 
of 60 seconds). They also indicate that where State 
or county engineers control the mix, the size of the 
batch can be at least as large as 33 cubic feet and still 
produce equally good concrete with a batchmeter 
setting of 50 seconds, or an actual mixing time of 45 
seconds for all solid materials in standard 27E mixers 
with the blades and buckets in fair condition. 

Another point noted in the course of this work was 

that when the amount of water per cubic yard of con- 

crete was less than 28 gallons the mix was so dry that 
the finishing operations were likely to be delayed, 
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TABLE 9.—General summary showing effect of size of batch and length of mixing time on uniformity of mix and strength of concrete mixed 

in batches of 30 cubic feet on State-aid project 2926, Sheboygan County, Wis.; 27E paver, new; aggregates, good limestone gravel, pit 

sand 

Beams 

| = eS 

y ; Cylinders, 28 ‘ by weigh Aver- ’ 28 days Proportions by weight A Work- days | dias 

Mixing time | Part of sample | ability | y ae 

in batch | varia- | factor End break Center break 
tion b/bo | 

ee ee LACLOr | = 

travel| Sand |C | Wat Strength] V2T!@ | strength] V2t® |strength| V2T@ | strength) Varia Gravel} Sand | Jement) Water reng ‘aan | g Hone |= tion On 

Per Per Per Maer er Per Lbs. per| Per | Lbs.per| Per | Lbs.per| Per | Lbs. per| Per 
| cent cent cent | cent cent sq. in. cent sq. in. cent sq. in, cent sq. in, cent 

50 Secondsss- 5-5. en ee ee A 53.29 | 29.79 | 10.96 | 5.97 3.58 |) 0: 757 3, 804 7. 52 570 6. 17 80 5. 43 794 4.99 
B 51.98 | 30.40 | 11.65] 5.97 3. 24 . 738 9,688.) 08. d0elsecos sea d| eee cee 2 ee CSE Se a oe ee 

| Center 58.34 | 29.37 | 11.18] 6.10 2.76 . 754 3, 787 3. 27 561 Wook 875 3. 62 844 3. 07 
| C 52.01 | 30.40! 11.40 6. 18 2.76 . 734 3, 893 6. 51 587 8. 04 867 3. 07 865 4. 20 

D 52.35 | 30.30) 11,19 |) 6.15 2. 87 . 736 4 119 sie @ 6. 50M seee ce | seco eet See eee |e 

ANOLae Csee wee or eae eee seo | eee eee 52.59 | 30.05 | 11.28) 6.08 3. 04 . 744 38, 857 6.03 573 7.14 847 4.04 835 4.09 
Batch variation_-_.____---- MOr/CONGs=|-e. a" sees 2. 61 2.91 3.37 Be ee eames ess i eee he ae Nos Bobet ek Be te tee eee sense Boe een nr 

| | 1 

GO Second Sseace~ ted ace eer eee eee A 52.45 | 30.55] 11.07 | 5,92 | 223 741 | 4,007 5. 36 576 6. 28 857 4.96 815 4.06 
B 52,07 | 30.62) |! 11.28 6. 038 3.25 736 3, 940 Te 10 Ween s Se Ree oa PRC ee SUE ARE | ed Ore 

Center 55.61 | 28.06 | 10.58 5. 74 5.01 790 3, 557 8. 86 587 3. 80 825 3. 86 837 3.16 
C 53.22 | 29.63 | 11.11 6. 03 3. 02 752 | 3,899 8. 89 575 3. 80 866 4.11 875 3.78 
D 53.08 | 30.06} 10.82 | 6.03 3. 08 751 Sadito: Bs 23) ieee oot be Dd ee Ee ee | er 

(AVOLAGCL hess neues aan ane aoe. Boe 53.29 | 29.78 | 10.97 5. 96 3.35 754 | 3, 835 7, 21 597 4. 63 849 4.31 842 3. 67 
Batch variation. __--_-_--- per cont2.|(4 awe te 2. 80 3. 59 2. 87 4.19 [ese ol el Seal eS ee ees fc ee | a ee ee ee 

S0'secondS). 42 ease eee A 52.361) 080) 20 |, 11533 6. 12 | 3. 76 742 3, 906 5. 48 579 3. 62 809 2.18 818 5. 62 
B 52.26 | 30.17 | 11.42 6. 14 4,19 740 3, 826 3; OB: iets Sek Sal ee SI es SE | ee ee gee, | ee 

Center 54.56 | 28.66] 10.82 5. 95 4.73 775 3, 762 4.00 566 3. 32 806 4.00 819 3. 11 
C 52.71 | 29.96 | 11.15 6.17 3. 38 747 | 3, 844 3.90 | 569 1.61 819 Seo 840 38. 85 
D 51.77 | 30.60 | 11.40 6. 23 2.41 733-3, 907 64: |e SAS eZee SES ees | ee ee ee 

Average___--_- Be ho ge late eat ee op Se 52.73 | 29.92) 11.22 6.138 3. 69 747 | 3, 849 4.49 571 2. 85 811 3. 16 826 4.19 
Batch variation. 22.22) 2 pel. CcenU-s\eecesea- se Sale| 3: 68 3. 86 4. 040) cee Sat Bl Ae ae | a are (eee Re reay ee ee se nee a ae or | ae TO ok ee cite 

Tasue 10.—General summary showing effect of size of batch and length of mixing time on uniformity of mix and strength of concrete 
mixed in batches of 33 cubic feet on State-aid project 2926, Sheboygan County, Wis.; 27E paver, new; aggregates, good limestone gravel, 
pit sand 

Beams 

Proportions by weight Aver- Cylinders, 28 28 days 
2 : age W ork- days F 

6 : Part of sample | ability 7 days 
Mixing time t aaewats 

bateh | ee ie End break Center break 

: — - — factor 

| Varia Varia | Varia Varia Frav Sz D lg sae ; oe ae reeanas seg de Gravel and |Cement|! Water Strength ear Strength Hon Strength aca Strength Hon 

—-- — | =< | = | = = = = — = 

cra wee locima meizen Per Per Lbs. per| Per | Lbs.per| Per | Lbs. per| Per | Lbs. per| Per 
cent | cent | cent cent cent sq. in. cent sq. in, cent sq. in, cent sq. in. cent 

SO sé6cond se = 2. er see eee. A 52. 47 29. 73 | 11. 73 6. 07 2.38 | 0.748 4, 080 6. 69 590 2.71 859 | 2.61 855 4.16 
B | 63.00 29. 61 | 11. 40 5. 97 Bystod |  oyday? 3, 857 C218, | ee eee |e ee ee ea ea eee (So 

Center | 52.53 Paley) Wy Ale hale) 2.96 .744 3,611 | 6.28 617 4.75 833 4. 28 838 2. 96 
C 52, 19 30. 35 | 1223) 6522) 3. 35 avey/ 3, 7038.) 6.94 596 4.93 840 4, 53 785, 4.89 
D 52.52 | 30.06 11.35 6. 06 3. 52 2743; 4026 syne 0.432) eee ee ee |e ee ee ee so is | Sore ae 

A VOTE SO hy oe hee. a eects Sane pees 52. 54 | 29. 88 11. 48 | 6.09 3. 20 744 3, 855 6. 50 601 4u13 844 3. 81 826 4.06 
Batchavariatione as. sesaees per cent_- chia 2. 61 3. 23 3. 47 OGL Nec od sstk lee kecee SIL Ss =. et ee BE ee a ee ee See Saree | eee ee 

60\ssconds:2 nate ch ae ene eee pe A 54. 30 28. 79 11.15 5. 76 2.03 | 773 4, 049 12.11 580 4.91 839 3. 15 852 4.35 
B 53. 68 29. 13 11.39 5.79 2. 67 765 3, 983 5.98) [SoS eee le ee RS eS ee | 

Center 54. 97 28. 14 11. 03 5. 84 3.60 | . 780 3, 654 7.10 590 3. 64 836 5, 48 862 3. 60 
1 C 53. 41 29. 34 11. 21 6. 03 4.42 | .758 3, 759 7. 02 574 4.32 822 3. 36 828 5. 80 

D 53. 44 29. 34 11.30 5. 91 2. 17 | 760 3, 740 267 jose ale fo SN ee ae 2 ee | 

AV OLA 2 0 ort ee Oe wate eee | OSL OO 28. 95 11. 21 5. 87 2. 98 767 3, 837 7.58 581 4, 29 832 4.00 847 4.59 
Batch variation. ....-____- percent |22 soe | 2.35 3. 11 2. 59 Siirolibay| See 5 aed als 2p al ee Vee ee Side nwelssenSeas|eoreaseenless == one ea | res 

|: = 

80 Seconds: Ses Soe - SSL | Ree | A 52. 94 29. 69 11. 44 5. 92 3. 63 | 753 4, 090 8.81 594 4.47 822 4.85 839 4.05 
B 52. 96 29. 39 11. 69 5. 96 8.59 752 4,014.) oO. SB Sie IT SRE |e ae Sees | | 

Center 53. 66 29. 22 ua ly 5.95 2. 68 | 762 3, 518 6.95 571 6.73 839 4.70 884 1,30 
C | 54.99 28. 13 11. 03 5. 84 5.31 | 782 3, 579 7. 33 580 4, 83 826 2. 01 948 5. 95 
D 53. 68 29. 10 11. 42 5. 80 6.15 765 38, 603 4.60 |. 2: oe See eg ee ee ee 

AVOTAQG. 22 <n ue sg. Seats canal -craeste sah BONGEN. BONG [el Lobe hm eh Sanaa easCy oie Tes |i a VOLUN eGco0 582| 5.34] 829], 3.85 843 | 5.70 
Batch variation_-_.._____- Per Centla|2o2-- = eas U DS 4.38 | 4.36 @ OU os. 22 Je chee tee. [een se Ws oa ok fe ke See ee cae tpt et a 

Furthermore, workability ratios (6/b)) above 0.85 for and water contents and the resulting compressive and 
gravel and 0.75 for stone proved to be in general transverse strengths. 
undesirable, in that there was too much coarse aggre- —- Variations within a batch can not be entirely elimi- 
gate in the mix for the present method of placing and nated by mechanical mixing, no matter what the size 
finishing, a condition which tends to delay the finish- of the batch or the length of the mixer cycle. That 
ing operations. The data also seem to indicate that this is so becomes apparent when one considers that 
there is a fairly close relationship between the cement the distribution of the particles of aggregate, cement, 

a ee ee 

a. 

a ee 
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TABLE 11.—Effect of size of batch and length of mixing time on 
uniformity of mix and strength of concrete mixed in batches of 
380 and 83 cubic feet on State-aid project 2926, Sheboygan 
County, Wis. 

eer ; 
|Compres- Average variation | 

sive Variation 
Modulus 7 5 

Mixing time oa | aes te of rupture Hera 

| ders at |8t 28 days oylinders Beams batch 
28 days 

] 

Cubic | Lbs. per | Lbs. per | 
feet | sq.in.@ |’ sq. in. Per cent | Per cent | Per cent 

F fi 30 8, 857 841 | 6. 03 4. 07 3. 04 
pO SCOR 2= =o 4 33) 31855 835 6, 50 3. 94 3, 20 

380 3, 835 846 | (Rel 3. 99 3. 35 
60 seconds. - ---.------- { 33 3, 837 840 7, 58 4, 30 2. 98 

‘ 30 38, 849 818 4.49 3200 3. 69 
80 seconds..-..---..-.-- { 33} 3,761 836 6.90 4. 78 4. 07 

- 30 | 3, 847 835 5.91 3.91 3. 36 
General average. . - { 33 «3,818 837 6. 99 4. 34 3, 42 

IBYOUN ace 2 Ge on (Ba Fa 3, 832 836 6. 45 4.12 3. 39 

and water within the batch is very largely a matter of 
chance. Consequently, a point is soon reached at 
which the mixing action during each instant displaces 
as many particles from their proper positions as are 
rightly placed. After this point is reached, further 
mixing is evidently a useless expense in so far as secur- 
ing oreater uniformity is concerned. 

Figure 5 shows a badly segregated batch. Though 
this is not a typical condition, the photograph is pre- 
sented to point out the extent to which variation some- 
times takes place within a batch. This variation is 
largely present as the batch is discharged from the 
mixer drum, and then a further segregation seems to 
occur while the concrete is discharged from the spreader 
bucket. Mixer manufacturers each year have been 
improving the spreader bucket from the typical box- 
shaped bucket of a few years ago to the present oblong 
bucket designed to eliminate agreater part of this further 

Figure 5.—Tuxe Last Cusic FoororConcretEe DiscHARGED 
FROM ANY Make oF MIxEeR HAS A PREDOMINANCE OF 
Coarse AGGREGATE. THE DrsiGN oF MIXER SPREADER- 
BUCKETS ALSO AFFECTS SEGREGATION. THE RESULTS OF 
THESE Two Errects CAUSED A BATCH TO APPEAR AS SHOWN 

segregation. The two types of bucket are shown in 
Figure 6. 

In all pavers which have been observed, not only on 
these jobs but also on hundreds of other jobs, the 
last one-half to 1 cubic foot of material discharged from 
the mixer drum has a predominance of coarse aggre- 
gate. It is recommended, therefore, that during con- 
tinuous operation about a cubic foot of concrete always 
be retained in the drum to eliminate this trouble. 

In Table 14 values of the variation factor within 
batch and of the variation in strength of cylinders are 
tabulated for each batch on Wisconsin State-aid project 
2926. The data are arranged to bring out any differ- 
ences in the magnitude of these variation factors which 
may be traceable to the use of varying sizes of batch 

TaBLeE 12.—Values of maximum and minimum variation factor, compressive strength, and flexural strength for each batch, averaged for 
each job on the basis of batch size and mixing time 

| 

Cylinders at 28 days Beams at 28 days, end break Beams at 28 days, center break 

Variation factor ‘ ‘ 
| within batch 

ii Batch |Mixing Strength Variation Strength Variation | Strength Variation 
3 size time 'o 

Maxi- | Mini- | Maxi- | Mini- | Maxi- ee Mini- | Maxi- | Mini- | Maxi- | Mini- Maxi- | Mini- | Maxi- | Mini- 
mum | mum} mum | mum |; mum | mum } mum | mum | mum | mum | mum | mum / mum / mum 

Lbs. per| Lbs, per Lbs. per|Lbs. per) | Lbs. per| Lbs. per 
Cu. ft. |Seconds| Per cent) Per cent) sq. in. | sq. in. |Per cent Per cent| sq. in. | sq. in. | Per cent| Per cent| sq. in. | sq. in. | Per cent|Per cent 

27 eure 1.40 | 3,554 3,043 | 8.389) 1.25 954 851 | 6.84) 2.24 932 846 6. 05 2. 06 
Wisconsin State-aid project 2926, 30 60 9, 72 1.99 | 3,733 2, 921 14. 38 2. 23 | 901 S1OM ero. G55) meek 908 799 7,49 3. 33 

Old DAaVeL 252322228 n. esa 2 eS | 33 60 8. 79 1. 92 3, 823 3,203 | 10,35 2.07 950 846 | 6.44 1, 24 976 840 9. 04 3. 27 
35 60 9. 06 1. 66 SytSonl ye, VoL 4e20 1, 91 921 833 | 5, 85 1. 57 946 | 826 7. 26 1. 37 

| | | | 

27 60 5. 47 1. 60 4, 029 3,151 | 15, 83)} 1. 40 91t 824 5. 54 1. 20 909 | 806 7.38 2.49 
Wisconsin State-aid project 2926, 30 60 Talo Teal Goa OSGi eon2o0ulee Labo lie laoo 961 846 6. 44 1. 80 | 968 849 7. 90 3.19 
DIG W DAV OL - soe eee eae aee eee ae 33 60 6. 26 1. 44 4, 269 3, 545 10. 38 | 1.10 952 871 5. 29 1. 68 928 | 826 6. 83 2, 29 

35 60 7.138 1,39 4,215 BATE Welt a4 i 231 982 863 7. 75 2.47 951 | 850 6. 82 2.41 

27 60 10. 87 2. 66 3,942 | 3, 187 12. 76 | 1. 69 947 844 6. 68 1, 83 901 815 3, 60 oy 
Wisconsin State-aid project 2916 30 60 9.11 1,83 { 4,090] 3,312} 11.88) 1.56 968 876 | 5.69 1. 92 935 | 810 t 94 5, 32 

Old! Pavers. 235 one eee et ae sess 33 60 6. 34 1.86 | 3,967 | 3,415| 8.99 1. 03 967 840 8.11 2. 26 932 | 852 5.13 | 1, 25 
35 60 8.16 2.22] 4,245, 3,570} 10.38] 1.28 993 865 8.14) 2.39 949 877 4.51 | 1, 82 

2 60 6. 28 2.02 | 3,942] 3,228) 10.87 | 2.10 883 784} 6.85 1,91 919 792 8. 54 2.43 

Wisconsin State-aid project 2916, 30 60 5. 75 1, 93 3,932 | 3,380) 8 84 . 56 902 786 8.19 2. 66 927 | 792 9, 28 2.91 

HOW). DG Cla. tea ee sea esos 33 60 6. 60 1.60 | 3,859 3, 152 11, 52 | 2.35 908 790 | 7. 86 2. 74 915 781 9. 20 2. 76 
35 60 6.19 2.03 | 4,122 3, 356 12, 72 | 1. 98 906 769 9. 71 4.31 869 759 7. 95 2.41 

| | 

rs : : P 30 50 4. 96 1.39 | 4,262 3, 490 10,63} 2.18 886 799} 6.06 1.79 876 FO2i\n -Gnt3°| 2, 03 

Wisconsin State-aid project 2926, 30 60| 5.70! w.41| 4'206| 3°368| 1259| 1.67] 809] 803| 646) 1.93| 881) 799| 5.50] 1.64 
DOW) DEN Cle aoe ge ges a 30 80/ 6.00! 1.92] 4,097! 3,558] 869) 1.46 846 779 | 4.75) 1.82 871 775 | 6,29 | . 96 

| | | | 

ad Fri es : ; 33 50 5, 45 Pea, ons, 400 Ie dT OL | 1298 889 804; 5.71 1.33 871 784 | 5.80 | 1.19 

Wisconsin State-aid project 2926, 33 60| 530] 1.14] 4’380| 3,358| 15.29/ 1.79) 876| 785| 5.99) 1.15| 880) 798| 688| 2.35 
DOW ODS Ol Sete oot onoosm. aaa og 33 80 | 7,22} 1.344 4,147 | 3,319] 13.33] 1.67 873 784! 5.78] 1.10} 896] 776) 814 2. 33 

27 GQ) || He 2et) PGT ARE BIeY) Zueii 5.76 | 5.76 775 | 655 10.78 4. oh 708 654 1 56 1.62 
: P 30 60 9, 27 3.00 | 4,882 | 4,249 7. 00 7. 00 751 637 9, 77 2.6 73: 6 . O6 2.18 

Federal-aid project 259-A, Jeffer- 32 60| 7.67| 1.96| & 736] 3170] 515| 5.15| 775| 706’ 567| 1.54| 743| 668] 608| 1.63 
son County, Ark..-.------------ 34 60 | 67012024 5.8201 Bail) 483) -4.83| 9808) 702 ~800)} LSS} 777| 649) 10.05) 2.28 

37 60| 6.57! 2.41] 5,343 | 4,688] 6.68] 6.68] 786 653 10,83] 3.18 732 | 630] 10,92] 3,24 
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Final summary of average values for the Wisconsin 
and Arkansas jobs 

TaBLe 13. 

| 

| 
™ ay Federal- 

| Wiscon- | Wiscon- aid proj- 
sin State- sin State- ect 259-A 

Item aid proj- | aid proj- |"\ .rrorson’ 
ot DOVE ret YC ] ¥5 os ect 2926 | ect 2916 | Co., Ark. 

Number of batches sampled__- : coe aa 118 | 80 44 
Proportions by weight, per cent: ae | Bath hae 

Coarse aggregate - - -- : Se ee ae ed Ree ca 2. « 52.11 | ; s as 

Pen a ee fas | tas 178 Cement- ee I. a ratte 

Water ya eS ee 5 9 | 5. TE eas 
‘ Rs ey ] r pe 2 ‘ by d | wie Variation factor within batch, per cent---.-------- 3. 20 4. a 4 us 

Cement content, sacks per ecubie yard_---- ----- 5. 16 | 5 x 5 a 
Water content, gallons per sack of cement 5. 96 5.8 5. 82 
Ratios by absolute volume: ey, sae : 

a/e (sand to eement) - — ---- : Bae : 3 02 | fg ue re 
b/a (gravel to sand) _- 4 = 1.72 at oe 
b/bo (see p. 275) 746 75) ! 

Mix by weight: " eal : 
Sand Se ae 2 64 | ie | / ot 
Coarse aggregate. __- 4. 67 it 

AVERAGE STRENGTH DATA 

Compressive strength of eylinders at 28 days, pounds LG &: oe ee 
per square inch 2 ee 3 aoe By uC oy o 

Variation, per cent ase Se = 5 z 6.3: ». 66 5. &f 
Flexural strength of beams in pounds per square inch: oe — io 

At 7 days : —_ ‘ : == S4 598 4 8 bee 
Variation, per cent_---- zk = 4. 5D ate ae 

End break at 28 days 872 = a | de 
Variation, per cent 4. 03 ae Be 

Center break at 28 days 866 ‘ be : eS 

Variation, per cent 4.76 4.95 | 5, 4! 

SIEVE ANALYSIS 

Percentage retained on— rnd 

PLE satay chile oes -~==---------- ---------- 4 a | ora 
{44-inch__- : mst es ee ee tee 14.8 aoc ae 
94-inch 22. _-- = Lesnar este oe ey ee 44.3 38. ae 
14-inch__ 2 eee a ee es a 36. 9 44.6 22. 6 

MAXIMUM AND MINIMUM VALUES ! 

i ent acks per cubic yard____| 5, 49 5. 64 5.72 Maximum cement content, sacks per cu DIC yard === 0, A 5. 6¢ yale 

Minimum cement content, sacks per eubie yard___- 4. 83 4, 69 4. 3 
Maximum water content, gallons per sack of cement 6. 38 6 55 6. y 
Minimum water content, gallons per sack of ceement_| 5. 58 5. 15 6, 12 
Strength of cylinders at 28 days in pounds per s/juare 

inch: 5 
. ‘ 9 

Wha slimUIMe: @ 25 cso eee ee eee 4, 031 4, 012 5, ve 
Minimum __-_ eB aee ee rae eat obese 3, 266 8, 325 4, 756 

7-day beam strength in pounds per square inch: : ; a) 
Maximum __.- pie bs fie fahP Ss eee sh 633 631 pa 
Minimum eee eae 562 560 32 

28-day beam strength in pounds per square inch: iy ie 
HNnd=prea eens civ ee eee ees | 919 934 779 
End-break minimum | 826 819 673 
Center-break maximum. __ 919 918 748 
Center-break minimum ____- 814 810 648 

| 

! Averages of maximum and minimum values obtained on each batch. 

or to differences in the performance of the old and new 
pavers. It is apparent from an inspection of this 
table that no definite relation can be established be- 
tween size of batch and batch uniformity or uniformity 
of breaking strength. It is also evident that the uni- 
formity values given by the old mixer are of the same 
order as those given by the new. 

STOP-WATCH STUDIES ANALYZED 

The data regarding the distribution of the materials 
obtained on these jobs by means of the separation or 
wash analyses and the data on breaking strength of 
both beams and cylinders indicate rather clearly that, 
when two or more sizes of coarse aggregates are used, 
the modern 27E paver, in good condition, will mix a 
35-cubic-foot batch to as high a degree of uniformity 
as it will a 27-cubic-foot batch, and that the strength 
of the concrete from the larger batch will be equally 
as good as that from the smaller. This does not prove 
that the larger batch will always be the most econom- 
ical. While theoretical considerations, as well as the 
unit prices of the successful bidders on the two Wis- 
consin projects, indicate a certain advantage for the 

FIGURE 6.—UprEer PHOTOGRAPH SHOWS TYPICAL SPREADER- 
Bucket Drsign Usrep ON OLD Pavers. BELOW IS 
SHown New Desian or SPREADER Bucxkpr FoR 1930 
AND 1931 PaAvERsS 

larger batch, these are not conclusive, as is shown by 
the fact that several bidders bid the same price for all 
of the proposed batch sizes. Very careful and detailed 
production studies were made on these jobs in order to 
obtain some actual data as to what effect the use of the 
larger batches might have on the rate of production. 
These included daily stop-watch studies of the mixer 
for 1 hour in the morning and 1 hour in the afternoon 
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TaBLE 14.—Degree of nonuniformity in mixing and variation in 
breaking strength of standard cylinders, as shown by data obtained 
on Wisconsin State-aid project 2926. Average values are given 
for fwe samples and five cylinders from each batch 

OLD MIXER 

{Size of batch in cubic feet] 

27 30 33 35 

Batch (Cylinder, Batch jC ylinder| Batch |Cylinder Bateh |Cylinder 
conit LG varia- | varia- | varia- | varia- | varia varia- | varia- 

tion | tion tion tion tion tion tion 

Per cent | Per cent |Per cent) Per cent | Per cent| Per cent |Per cent| Per cent 
2.91 5, 34 3. 81 4. 59 5. 20 4. 65 6. 48 7.63 
5. 40 6.11 5. 79 8. 38 5. 10 4.79 3. 32 4, 32 
Zealig 4.15 4. 98 5. 21 6. 12 8. 38 8. 41 2260 
4. 00 3. 00 9. 33 MME AS 6. 52 5. 29 5. 49 23 
5. 61 8. 06 4. 61 3. 62 5. 68 5. 08 Shoe 6. 69 
PET bsd ai Sis) 4. 33 9. 16 1.43 3. 83 4.99 3. 36 
2. 92 5, 89 1.12 4.77 4, 53 6. 47 3.49 7. 92 
3. 17 I tanh 5. 47 5. 97 5. 83 8, 22 3. 83 6. 72 
6. 60 Dell nD 11. 80 4, 25 4, 28 2. 03 13. 63 

Av. 3.95 4.77 5. 42 7. 20 4. 96 5. 66 4. 59 6.47 

NEW MIXER 

4.13 OnGr 4.38 6. 57 3. 86 4. 04 3. 80 6. 25 
3. 69 6,91 4.13 4.65 2.54 3..55. 5. 65 6.19 
2. 86 5. 90 4. 30 4.15 2. 45 4,59 yea 4. 86 
4. 56 2.75 2. 89 4. 70 2. 09 4. 96 3. 02 7. 60 
4.73 6. 70 4,01 13. 41 Le Waele 22 2. 51 2. 64 
2.74 14. 51 Boyt awa 4.49 6.27 3. 28 4, 20 
Za0S 10. 43 2.90 | 5.05 4. 62 5. 35 bo 21 4. 06 
2. 63 3. 43 4.48 | 6.80 4.31 7. 98 3. 08 6. 36 
2.79 7.03 GiG5> ie 10559 4.11 4, 20 2. 09 6. 95 
4. 59 12. 50 2eSSiie wOnns PR PA 7. 90 5. 54 9. 34 

Ay. 3.48 7. 48 3. 98 6. 75 3. 58 5. 81 3. 74 5. 84 

to determine both the average mixer cycle and the 
duration and cause of all time losses or interruptions 
to continuous mixer operation. During the stop-watch 
studies the time in seconds required to raise the skip, 
the time to mix, and the time from the bell to the 
instant the skip began to rise for another cycle, were 
determined. If an interruption occurred at any point 
in the mixer cycle, the duration and the cause of each 
stop or delay were recorded. If the delay or stop was 
15 minutes or more in duration it was classified as a 
major delay, and if it was less than 15 minutes it was 
classified as a minor delay. 

Auxiliary stop-watch studies were also made of the 
several component parts of the mixer-operating cycle 
and included the following: Time to raise the skip; the 
instant the water and solid materials began to enter the 
mixer drum, the time required to discharge the water 
and solid materials into the drum; the time from the 
instant the skip reached a vertical position until the 
batchmeter bell rang; the time from when the bell 
rang until the instant the concrete appeared in the 
discharge chute; the time to discharge the concrete; the 
time from the bell until the skip again started up; and 
finally, the revolutions of the mixer drum. The mixer 
drum was also carefully watched for overloading, spill- 
age, leakage, clogging, possible retarding of the mixer 
drum speed, and the appearance of the batch in the 
mixer drum (whether it appeared to be uniformly 
mixed, etc.). A careful check was made each day of the 
contractor’s personnel, unit costs, amount of concrete 
placed, yield, etc. 

EFFICIENCY OF PLANT AND EQUIPMENT STUDIED 

In order to fix definitely the casues of such delays as 
occurred or were anticipated, the auxiliary equipment, 
such as the cranes, batcher bins, and finishing machines, 
were studied to determine their relation to “the rate of 

FIGURE 7.—PuLANT Spr-up USseEep on SrarE-Aip PrRosgectr 
2916, SHEBOYGAN County, WIs., ON WHICH THREE 
SizEs oF Coarse AGGREGATE AND ONE OF SAND WERE 
Usep. Marerrtats USED WERE DELIVERED By Rain 

production. Views of the plant layouts on the two 
Wisconsin jobs are shown in Figures 7, 8, 9, and 10. 
Figure 11 ate the type of 1927 Model 27E paver 
used on the Wisconsin jobs. The contractors on these 
two jobs each had old pavers of this type when the pro- 
jects were started. Assoon as the different-sized batches 
had been studied in regard to quality tests and produc- 
tion on the old pavers, new 1930 ‘Model 27E payers 
were loaned by the manufacturers for similar studies. 

Srate-Aip 
MATERIALS 

COARSE 

UsED ON Figure 8.—TypicaLt Puant SpEr-uP 
Prosgect 2926, SHEBOYGAN County, WIS. 

Truck FROM A Loca. Pir. 
THREE SIZES 

HAULED IN BY 
AGGREGATE SEPARATED IN 

PRODUCTION RATE OF NEW PAVERS SHOWS SUBSTANTIAL 
INCREASE OVER OLD TYPE 

On the old mixers a 24-inch strip of metal was placed 
around the back part of the spreader-buckets to increase 
their carrying capacity. Even with this extra metal 
strip it was found that the 35 cubic-foot batches could 
not be discharged in one operation. As a consequence, 
double discharge had to be used for the 35-cubic- foot 
batches, which - proved to be uneconomical. However, 
if the spreader buckets had been slightly larger a sav ing 
could have been made by using the larger 35- cubic- 
foot batch. No alterations had to be made on the 
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spreader buckets of the new pavers in order to carry 
the 35-cubic-foot batches, which the new pavers could 
handle with ease. 

The mixer drums of both the old and new pavers mixed 
up to 35-cubic-foot batches without spillage, leakage, 
or clogging. The computed values given in Table 15 
were made from measurements of the mixer drum to 
illustrate the theoretical carrying capacity of the old 
and the new pavers when used on level grade and on a 
6 per cent grade. 

Figure 9.—Meruops or HanpLING BULK CEMENT ON WIs- 
CONSIN StTaTE-Arp Prosects 2916 anp 2926 

TaBLE 15.—Computed capacity, in cubic feet, of mixer drums of 
old and new 27H Pavers 

fie Bel ae |\Capac- yw 
| ‘eden C apAC- Work. |W ater ity of | Work- 
| eel | ity of | ; | level icine ee 
Total | Gon. | buck- | | COR roan diy cons 

ivolume | ,- ets and) | tent, | “7. \tent on 
: tent, "a Den ON |blades, | i 
content 2) |blades, 6 per 6 per 

level Tavel level cont 6 per eant 
grade |... 1 grade | ; ie cent | 1 

grade | grade | prade | Stade 

Old paver: 6 blades, 6 buckets, | 
boom bucket, capacity, 3634 | | 
GUDIGTCRUE ore sae Soe Cee 94.75 | 25.84 | 11.00 | 36.84 | 22.00 | 11.00 | 33.20 

New paver: 5 blades, 10 buck- | 
ets; boom bucket, capacity, | 
49 ctibi¢ feet. 22 oe eee 100.18 | 28.50 | 10.20 | 38.50 | 24.60 | 10.20} 34.80 

The larger batch sizes increased the mixer cycle 
slightly because of the longer time required to discharge 
the batch from the drum and the longer time required 
for the materials to discharge from the skip into the 
mixer drum. ‘Tables 16 and 17 show the actual average 
mixer cycles as determined by the stop-watch studies 
for a batchmeter setting of 60 seconds, as most generally 
used on the two Wisconsin jobs, together with the effect 
of the various batch sizes on the maximum possible 

rate of production. Tables 18 and 19 show the same 

data on the basis of actually mixing all the solid 
materials for either 50 or 60 seconds. It should be 
noted that the mixing time of the concrete does not 

terminate when the batchmeter rings but continues 

FiaurE 10.—Locau Pir Puant Layour EQUIPPED FOR PRO- 
DUCING THREE SizpEs oF CoAaRSE AGGREGATE FoR WIs- 
CONSIN StatEe-A1Ip Project 2926 

until the concrete appears in the discharge chute. ‘This 
time interval is usually termed the discharge lag. 

Allowance should be made in the batchmeter setting 
to take care of this lag. In setting the batchmeter the 
following formula should be used: 

A+B—C=D 

where A is the mixing time, B the lag of the solid mate- 
rials after the skip reaches the vertical C the discharge 
lag from the bell to the appearance of the concrete in 
the discharge chute, and D the batchmeter setting in 
seconds. The water added at the paver should enter 

Figure 11.—Tyrr or 1926 Moprt 27E Paver UsEpD,oNn 
WisconsIN StatH-Arp PrRoJEcTS 2916 AND 2926 

the paver drum about 1% seconds before the solid 
materials (aggregate and cement) and lag after the 
solid materials no more than 10 seconds. This com- 
bination of lags will result in more efficient charging of 
the materials and will keep the throat of the mixer clear, 
as well as the blades and buckets. 

There is also a mixing action in progress on a con- 
siderable portion of the batch while the drum is being 
both charged and discharged. This, however, is en- 
tirely omitted in determining the length or duration of 
the mixing time. 

The difference in the mixer cycles between the old 
paver and the new paver was found to be surprisingly 
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TABLE 16.—Analysis of production of 3-year old 27E paver as 
affected by batch size, with the batchmeter setting at 60 seconds 

TABLE 20.—Comparison of rates of production of old and new 
27E pavers 

Batch size (cubic feet) Zi 30 33 Size of batch (cubic feet)__._______ 27 30 33 27 30 } 33 

Mixer cycle, seconds.---_.----------------- ieee oe | 74.90 76 | 77.14 
Bossipie pavcues Gn NOltere = eee Soko ee | 48.06 | 47.37 | 46.67 
Percentage decrease in batches per hour due to batch size___|________ 1. 48 2. 89 
Possible cubic yards per hour. 2 2202-22-20 2 2 see | 48.06 | 52.63 | 57.04 
Percentage net increase in possible production due to batch 

S17c eee eee ae ae eee em a eee gt A oe eee 9.5 18.7 

TasBLe 17.—Analysis of production of new 27E paver as affected 
by batch size, with the batchmeter setting at 60 seconds 

Batch size (cubic feet) 27 30, | 33 | 35 

a. | ed 

Mixericycle, seconds. - == 2=0-2--5 sees e252 - 5c 68.60 | 68.60 69.16 | 69.77 
Possible batches per hour --22 2 2245.22. 52.48 | 52.48 | 52.05 | 51.60 
Percentage decrease in batches per hour due to | 
ROS UCTS) 2. Ome seers ara e See oe ete ale Snake w eos . 82 1.70 

Rossible/cuble yards per hour. ---—2------- 52.48 | 58.31 | 63.62 | 66.87 
Percentage net increase in possible production due | | 

CORD AUCH GIZ.C teen eee Be ee Mote ot ae Se Te ae ee 21,2 27.4 

Mixing time of all solid materials 
(SOCON(S) Joe tee ena ce eee ne 60 60 60 50 0 50 

Possible production per hour for | 
new paver (square feet) ___._____ 119. 83 | 130.81 | 141.49 | 140 152.44 | 164. 37 

Possible production per hour for 
old paver (square feet)_._______-_ 109. 50 | 118.82 | 127.65 | 126.10 | 136.39 | 145.97 

Percentage increase in possible 
production with new paver____| 9.4 | 10.1 10.8 U3 OK FT iat ga i a3 12.6 

| 
| | 

TaBLE 21.—Average howly rates of production on Wisconsin 
job 2916 obtained with old and new pavers, for a 60-second 
setting of batchmeter 

TABLE 18.—Analysis of production of 3-year old 27E paver as 
affected by batch size and mixing time 

1 | | 

Batch size (cubic feet) | Bye), 8h) 33 27 a |) GR 
|—— = 

Mixing time of all solid materials, sec- | | 
(SVeY0 fs, ha Se OR Ee Ee Rome ewes ' 60 60 60 | 50 50 50 

NiIxer CYGlOwSeCOOUS esa. eee. ee | 76 | 77.82 | 79.69 | 66 | 67.82 | 69. 69 
Possible batches per hour___----_------- 47.37 | 46.26 | 45.18 54, 54 | 538.08 | 51.66 
Percentage decrease in possible batches 

per hour due to batch size, based on a 
ZieCULb1 C1000 DALCH == = een eee ke Perot. lin oa OOM ences <= 2.68 | 5.28 

Possible cubic yards per hour___-------- 47. 37 | 51.40 | 55. 22 | (es 54 59 | 63.15 
Percentage net increase in possible pro- | 
duction due to batch size, based on a 
27-cubic-foot batch mixed 60 seconds-_-_|------- | 8.5] 16.6 | GROG) PEGG BBs} 

i 

TasuE 19.—Analysis of production of new 27E paver as affected 
by batch size and mixing time 

Batch! size: (cubic feet)i2s- 222.—- = = 2 27 30 33 27 30 33 

Mixing time of all solid materials, 
(GECOnCS) ae een nlnitan bi PSE 60 60 | 60 50 50 50 

Mixer cycle (seconds)__________________- 69.45 | 70.69 | 71.89 | 59.45 | 60.69 | 61.89 
Possible batches per hoursee ale nee Be. 51. 84 | 50.93 | 50.08 | 60.55 | 59.32 | 58.17 
Percentage decrease in possible batches 

per hour due to batch size, based on a 
Dea 1G-L00% DALCNEe ss os = 2 ee eg 2 T7bH eos 40'|eacee es 2:02) ||" 3592 

Possible cubie yards per hour_______--_- 51. 84 | 56.59 | 61.21 | 60.55 | 65.93 | 71.09 
Percentage net increase in possible pro- Nees 

duction due to batch size and mixing | 
time, based on a 27-cubic-foot batch 
Tailed 60 secondss= sateen o eset oe Dele OUD | USs te W618 9 | 27e2 37.2 

large. Because of this shorter mixing cycle alone, it is 
possible to obtain an increase of 10 per cent or more in 
production by using the new pavers. This fact is 
brought out by the data given in Table 20. 

Because of the shorter mixing cycle and the better 
mechanical condition of the new paver, its actual ad- 
vantage in effecting increased production was even 
greater than indicated above. The actual average 
hourly rates of production on Wisconsin State-aid 
project 2926 from the old and the new pavers for each 
batch size during the peried of the studies are given in 
Table 21. 

AUXILIARY EQUIPMENT KEPT PACE WITH PAVERS 

During the time when the 50-second mixing time 
and the 33-cubic-foot batches were used, the finishing 
machine and finishing operations could, and did, 
readily keep up. This is true as well for the other 
auxiliary operations. This combination of mixing time 
and batch size did not therefore require more equip- 
ment or larger equipment. The rate of production 

Square yards per hour Percentage 

eee increase 

Size of batch over old 
paver using 

Old paver | New paver] 27-cubic 
foot batch 

ZEGUDICTOOU ae were ee ere eae 188, 1 217.2 15.5 
SO CUDICHCCT meet aaa eenk oS Se eee So ee 218. 5 257.6 36.9 
Bo CHULC TCO LHe ets ott ee a hoe ee tee we SS 222, 5 260 S¥AR 
Saheb OOS Manes sy eye CG Bis Se see a ee 271 44, ] 

was still well within the capacity of the other coordi- 
nating units with no particular increase in labor or 
equipment. It seems likely, however, that a greater 
output than that now possible with the 33-cubic-foot 
batch mixed 50 seconds will, under present methods 
of operation, require additional or larger equipment. 

On the basis of this investigation the State of Wis- 
consin is now permitting the use of a 33-cubic-foot 
batch and a 50-second mixing time for all the solid 
materials. The 33-cubic-foot batch allowance in Wis- 
consin is based on the fact that the spreader bucket 
of practically all 27E pavers now in use will hold this 
size batch in one discharge. The two old pavers and 
the two new pavers as used on these jobs handled the 
33-cubic-foot batch equally as well as they did the 
smaller-sized batches. 

CHART SHOWS METHOD OF DESIGNING MIXES 

The mixes on both jobs were designed for the mini- 
mum allowable cement content and maximum allowable 
water content. The workability of the concrete was 
maintained through the adjustment of the gravel and 
sand content by means of the workability fs actor, b/bo, 
as developed by Talbot and Richart.? Figure 12 is 
a chart designed for the purpose of obtaining the pro- 
portions of “sand and coarse ageoregate required to 
produce concrete having the desired workability factor. 
The chart is based on a cement content of 5 sacks per 
cubic yard of concrete and 6 gallons of water per sack 
of cement, which were the specifications for the Wiscon- 
sin jobs. 
The process of determining the proportions of the 

mix is illustrated by the dash ‘lines on the chart, which 
give the solution for a workability factor of 0. 76, a 
value which seemed to work best on both of these jobs. 

The percentage of voids in the course aggregate (dry 
loose) as used for the example in Figure 12 is 36. 
Enter the chart at the bottom where ‘the figures for 
the voids in the coarse aggregate are given. Proceed 
from the number 36 and “follow the dash line upward 
to the ordinate (point 1) where it intersects the work- 
ability ratio, 6/b,=0.76. The absolute volume of 

2 Bulletin No. 137, Engineering Experiment Station, University of Illinois, 1923, 
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WEIGHT OF DRY COARSE AGGREGATE FOR ONE SACK-BATCH ~ POUNDS 
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Figure 12.—CuHArtT FOR OBTAINING REQUIRED PROPORTIONS OF BATCH FOR A GIVEN VALUE OF b/bo, ON WISCONSIN STATE- 
A1ip ProgEects 2916 ann 2926. CHART 18 BASED ON A CEMENT CONTENT OF 5 SACKS OF CEMENT PER CUBIC YARD OF 
CONCRETE AND 6 GALLONS OF WATER PER SACK OF CEMENT 

coarse aggregate is given by the same ordinate on the 
right-hand scale. Follow the dashline to the left to the 
specific gravity line of 2.78 for the coarse aggregate 
(point 2) and upward, and read the weight of dry coarse 
ageregate for a l-sack batch, 455.7 pounds, on the 
upper scale. Follow the dash line from the percentage 
of voids in the coarse aggregate (36) again to the 
value b/b,=0.76, then to the left to the specific gravity 
of 2.75 for the fine aggregate (point 3), and then down, 
to read the weight of 255.3 pounds of sand for a l-sack 
batch on the lower scale at the bottom of the chart. 
Proceed again from the intersection of the 36 per cent 
voids line with the value 6/6,=0.76 and follow the 
dash line to the left to the sand-cement ratio base line 
(point 4), and then downward, to read the sand-cement 
ratio by absolute volume, 3.065, on the upper left-hand 
scale at the bottom of the chart. The absolute volume 
of the sand is read on the left-hand scale. 

PROPORTIONING AND SIEVE ANALYSIS OF AGGREGATES 
DISCUSSED 

The three sizes of aggregates were also recombined 
experimentally, different percentages of each size being 
used, in order to obtain as low a void content as prac- 
ticable without sacrifice of gradation in obtaining a 
workable concrete. 

The proportions of the various sizes of coarse agere- 
gate for Wisconsin State-aid project 2926, as required 

by the specifications, and the sieve analyses of these 
aggregates are given in Table 22. Sieve analyses of 
the sand used on both Wisconsin jobs are given in 
Table 23. 

PLANT LAYOUTS SHOWN 

Figure 13 shows the plant layout and set-up for using 
three sizes of coarse aggregate on Wisconsin State-aid 
project 2916. It is obvious that a very crowded con- 
dition existed. In fact, the plant set-up was such that 
trucks lost on an average of 2 minutes per load more 
than necessary for a typical set-up, a condition which 
required the use of one and sometimes two trucks more 
than would have been used normally. An extra crane 
was also required. The materials were delivered by 
rail, 

Figure 14 is the same plant site but with equipment 
and stock-piles planned for handling two sizes of coarse 
aggregate. In so far as the cost of handling the ag- 
gregates and batching is concerned, this set-up would 
not result in any more cost for handling the two sizes 
than if only one size of coarse aggregate were used. 
Figure 15 is the plant layout for one of the set-ups 

on Wisconsin State-aid project 2926, showing the num- 
ber of turns and maneuvers that the trucks had to 
make in order to obtain a load. Figure 16 shows the 
same set-up but with a recommended change that 
could be used on similar jobs. Turning time for the 



January, 1932 PUBLIC ROADS 

MEDIUM // 

a 
{a5 a 

I\ 

70° 

ROUTE OF TRUCKS 
a 

We ee aa 

LARGE \ 
SS 

GRAVEL Le ener SAND | 
a oe ie BELOW + SHED 
Nee * s \ 

| r a 

BULK CEMENT USING 

CONCRETE BUGGIES 

es =—— TO PLANT —~ 

se Dae = ee a 
/ 

~— _ ae i 
aera 

; CRANE My 

SRERMUUUUEEERR OU UEEEERRRUEEUEESERRRSEEERERRRTEERESUEESERRSSRUEEEESEEUTEEEROUEEEEE SS SRR0EE ER ESSER RUSE EROS! 
SIDING FOR AGGREGATE CARS 

EEREEEEEEEEEEEECEEREEEEE EERE EEECEEEECEECEEEEEECEREECCECEEECEECCECECEEEEEECECECCe eet 
MAIN LINE 

Figure 13.—Puant Layout ror WISCONSIN STATE-ArID PRosect 2916, THREE Sizes or Coarsp AGGREGATE 

TaBLE 22.—Proportions and sieve analyses of coarse aggregates 
used on Wisconsin State-aid project 2926 

PROPORTIONS 

Nr : Propor- 
No. | Size tions 

Per cent 
Pee err eee eS Be es De bOWly oun Che Sueee aa sees Seee = rae | 80-35 
POS 3 a, pee EE, CB eet ON Pte 10 Saul Chee aes eee ee ee ee ee 45-50 
AR pe ke DE Nie I et le re ae SAatOr eg Clie eee een ee ee oe 15-25 

SIEVE ANALYSES 

Per cent No. 1 coarse aggregate— 
Retained on 3-inch circular opening_--_---------- 0 
Retained on 24-inch circular opening------------- O— 10 
Retained on 1%-inch circular opening----_-------- 90-100 
Retained on 1}4-inch circular opening--_---------- 100 

No. 2 coarse aggregate— 
Retained on 1%4-inch circular opening._-__-------- 0 
Retained on 14-inch circular opening----_-------- 0- 10 
Retained on 44-inch circular opening__-____-------- 90-100 
Retained on %-inch circular opening-------------- 100 

No. 3 coarse aggregate— 
Retained on l-inch circular opening_------------- 0 
Retained on 34-inch circular opening_------------- 0 
Retained on }4-inch circular opening-_-__----------- 95-100 
Vet aimed gone N Orel Orsley.cme eee tees cee er ee = 100 

TABLE 23.—Sieve analyses of sands used on Wisconsin State-aid 
projects 2916 and 2926 

Per cent Project 2916: 
. 86 Retained on No. 

Ryumaaeel Oro IN), ANGIE = BA See eee ase ee ee 48, 28 
Ryeanaeel om IN@, BO GWE 3 oS ee oe eo ee 79. 79 
Ryauuaes! Ca ING, MOMSEN. ook ane eee eee 93. 39 

Project 2926: 
iRGuannayset Gre Ne: Zh Cie So Boe ee eee eese eG 
IRyaumaee! ml INO, ANGIE 2 eee See ase 39. 28 
Rvebainedso ng NOD ONSIe.\c maaan enn ene es 83. 82 
iRevtiaeel or INO. WO) eyes ae we See 95. 12 

trucks would then be eliminated. If only two sizes of 
coarse aggregate had been specified, a 3-compartment 
bin could have been used which would have required 
but one stop for the trucks. This would have been a 
most economical set-up and would still have utilized the 
advantage of multiple-sized aggregates. On this job the 
material was delivered by truck from a local pit and 
only one crane was necessary to supply the mixer de- 
mand for aggregates. This crane supplied material 
for the mixer when a 33-cubic-foot batch and a 50- 

second mixing time were used. An average of fifty-five 
33-cubic-foot batches an hour were taken care of by the 
crane. ‘This means that the crane handled an average 
of 238,931 pounds of sand and gravel, or about 80 cubic 
yards of material, per hour. 

Figure 17 shows a set-up observed during the sum- 
mer of 1930 handled by one crane and utilizing a 
method of straight-line loading. Bulk cement was 
placed in the batch between the stone and sand, 
eliminating the time usually required for covering the 
cement. ‘This method proved very satisfactory. Some 
engineers, however, prefer to have the order of loading 
changed to second-size aggregate, sand, cement, and 
then coarse aggregate. 

Incidentally, this contractor was using sack cement 
but obtained permission to try bulk cement, which re- 
sulted in asaving of 11 cents on each barrel of cement. 
This item alone was worth while. This procedure also 
assured the proper weight of cement each time, en- 
abled the contractor to maintain a constant maximum 
batch, and eliminated the cost of handling the empty 
sacks. The cement retained in the empty sacks aver- 
aged about 0.4 pound per sack. A State buying cement 
can therefore make a large saving by eliminating this 
item. As the advantage of bulk cement becomes more 
generally appreciated it is believed that its use will be 
extended. Up to the present time the most popular 
way of handling bulk cement at the batcher plant, and 
the way used in this case, is by the use of 2-wheeled 
concrete buggies. Two cars of cement are unloaded at 
the same time. A wooden platform is constructed to 
the same elevation as the box-car floor with a length 
sufficient to reach the doors of both cars. Usually two 
men are used in each car for loading the buggies, two 
men to wheel the buggies to a platform scale, two men 
to weigh and finally dump the cement into the trucks. 

On Wisconsin job 2916, as noted in the sketches, 
the bulk cement was delivered by rail and concrete 
buggies were employed to handle the cement. On 
Wisconsin job 2926 the cement was delivered to the 
batching plant in trucks and the cement loaded 
mechanically. Both methods proved very satisfactory 
and the trucks could be loaded rapidly with no apparent 
loss of cement during loading or in transit. The sand 
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was dumped on the coarse aggregate so that it could be 
pocketed and the bulk cement covered with the loose 
sand. 

Under no condition should the bulk cement be 
dumped at the rear of the truck body, as this retards 
the flow of material into the skip, clogs the skip throat 
and mixer throat, and causes the blades and buckets 
to be badly coated, which results in delaying the 
mixer operations. 

Both jobs employed a straight-line loading of the 
trucks for the bulk cement, which reduced the amount 
of turning and backing required in taking on a load. 
Delaying a 3-batch truck 1 minute represents a loss of 
about 5 cents. This item may seem small but it 
accumulates rapidly into a large sum. Delaying the 
mixer 1 minute often represents the loss of about $1. 
On a paving job where operations should synchronize 
and coordinate, minutes lost are dollars wasted. An 
efficient batching plant removes many chances for delay. 

STOP-WATCH ANALYSIS SHOWS FEW DELAYS CAUSED BY USE OF 
SEPARATE-SIZED AGGREGATES 

Tables 24 and 25 are summaries from the time 
studies which were made during the period from June 
to October on the two Wisconsin jobs. These data 

were obtained by means of careful, daily stop-watch 
studies of all operations connected with the mixer. 
Delays less than 15 minutes in duration were classified 
as minor delays, and delays greater than 15 minute in 
duration were grouped as major delays. 

These data indicate clearly that delays caused by the 
use of separate sizes of coarse aggregate were negli- 
gible, except on the first Wisconsin job where the plant 
space was so limited that the use;'of four stock-piles 
produced such crowded conditions’ that it was very 
difficult to maintain efficient truck operation. The 
job started with one crane but as production was 
improved another crane had to be put on the job. 
Probable causes of other delays were also indicated 
from time to time by the stop-watch studies, but the 
ready cooperation and alertness of the contractors in 
acting on these suggestions obviated all delays of any 
consequence due to handling the separated aggregates 
even under these rather unfavorable conditions. 

CHARTS SHOW DISTRIBUTION OF COSTS 

Figures 18 to 23 show some of the pertinent data 
collected on the two Wisconsin jobs. These charts 
illustrate the costs involved in constructing the con- 
crete pavement. These two jobs had practically the 
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TABLE 24.—Summary of time losses and their effect on production, 
for Wisconsin State-aid project 2916, June 23 to August 21, 1930 

MAJOR DELAYS OCCURRING DURING AVAILABLE WORKING TIME 

| 

Character of delays Hours | Per cent 
| | 

ae hey we a se a 

Hauling sapplys 25 =. he ee ee ee a 0. 25 | 0. 05 
Mixer trouble, mechanicals®: == 2 aes se eee 4.08 | 75 
Water SapDIY.<5.2 = 2722 ee ee ee eee eee | 3h 63 | . 67 
Wack ofmaterialsiat yard is: 22 = 55s ee ee ee ee aide .14 
Grane trouble mechanitals sr. 20 ee ee eee eee | 10. 27 | 1. 88 
Moving j see. 222 one ee ee ee eee ee eee | 83. 45 | 15. 30 
Rein ot £2 Cee TES ee ee ee ee ae etek oe oe epee ee ee 13. 80 | 2,03 
Wot subgrade. 22. ef a ee ee eee | 21. 25 | 3. 90 
Miscellineoussse. ei eee ee Soe ne ee eee ae ae a Ne IES 1. 61 | . 30 

see oye ee eee eae NE oe Se ee ee EL ee | 139.11 25. 52 
Time major equipment actually operated__._......-....-__-_--- 406. 07 74. 48 

Avila ble ww Orkiny iss oe See = ee ee ee ee ene 545, 18 100. 00 

MINOR DELAYS OCCURRING DURING TIME OF ACTUAL 
OPERATION 

Character of delays | Hours | Per cent 

| 
PARCLIN- 2 SUP DLV sc rete eet een ere ered eee Ee eres 14.95 | 3. 68 
Atlin SOPOT AElOR Sas orar ces eee ee tees ee 2 ern ee ot 11, 09 | 2.73 
[Dy iveth tit pene eee RE Nene li peal rss Ge ii aga | 2. 62 | . 64 
Mixer trouble, mechanical gi. =) sea e e et ee ee eee 3. 66 | . 90 
MIxenoperatlon==20© ess See eee ree ee ee ee | 9. 47 | 2.33 
Water supply s2s66= 2 22 See eee eee, Ae eee ee | 12, 88 | 3.17 
AaACk- Of MACErIgIsis b Ward eee os eee ae ee ee pe | -33 | . 08 
Heb Parle StTID =a ee A ee ee ee ee | 51 | eld 
pubgrademotmrepared ssa 2 eae ee ee eee 6.98 | 1.72 
Place reintorcing Steel st - eee ae ee, See ee eee enn ree 1. 34 | .33 
Wialtaor finishers... > = tend sce oe ees eee eee ee 2. 04 | - 50 
pand:bateh, sip ieurpoeewas sa ee een = oe a ee eee | 1.49 .3f 
Hxpansion joint <= st Se See eee ee eee . 38 | - 09 
Crane operations 222 222 e rea 8 ae tenee eens ee eee | 3.03 | 75 
Miscellancous-282 4-224. 425i eta eee ee eee eee 2. 88 | af fil 

Totalt se whit ee ne aN a ee eee eee [73.65 | 18.14 
| 81. 86 

406. 07 | 100. 00 

Time major equipment operated at 100 per cent efficiency_-_____- | 332. 42 

Actual production, 15,945 batches, 93,395 square yards; over-all efficiency of major 
equipment operation, 83.1 per cent. 

CE MENT 

58 

COST 

PER SQ.YD 

$ 0.738 

I'igurp 18.—MAartTeEerIAts Cost Data FoR WISCONSIN STATE- 
A1ip Prosgecr 2916. Costs arr Expressep sas PrrR- 
CENTAGES OF ToTaL Cost or MATERIALS 

same truck haul with the over-all efficiency of one 
contractor 83.1 per cent and that of the other 88 per 
cent. One job used local aggregate and the other 
commercial aggregate. Five sacks of cement per cubic 
yard were used on each job. 

Further reductions in hauling, labor, and depreciation 
will probably be made this year in Wisconsin by the use 

COST CHART 

MOVING ON JOB 5.88 

ORGANIZATION CHART 
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| I 
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Ne Ter 
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3 

Figure 19.—Lasor Cost Data AND ORGANIZATION CHART 
FOR WISCONSIN STaTE-Aip Prosgect 2916. Costs ARE 
EXPRESSED AS PERCENTAGES OF ToTaL Cost or LABOR 

of a 33-cubic-foot batch and a 50-second mixing time 
after all solid materials are in the drum. 
On these two Wisconsin jobs and on the job in 

Arkansas, all of which used separate sizes of coarse 
aggregates, 242 batches were sampled as they were 
dumped on the subgrade and tests made to determine 
the distribution of coarse aggregate, sand, cement, and 
water in samples taken from the four corners and the 
center of the batch. From these same batches beams 
and cylinders were also made. A total of 1,276 
cylinders and 726 beams were made in these tests. 
All of these tests indicate that a high degree of uni- 
formity was obtained not only within the batches but 
also between batches. 
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TABLE 25.—Summary of time losses and their effect on production, 
for Wisconsin State-aid project 2926 

MAJOR DELAYS A ree aot AVAILABLE WORKING 
U 

Character of delays | Hours | Per cent 
— oss —- <4 ——— 

UAL eae ees re eae ee. OS ie aoe ae eee ee SIA 5.19 
Wet prad6:- 2-5 ee Sooo ook Se alae dan Sooke eee see eee ee 32. 50 5. 30 
MOVIN ONCuringe | ODae name 2 oe ee Seuae ne eee nee eee TAR 35. 25 6. 75 
IVISTOTIEL STD DLV Secreta wee os heen te Oe te ae tyme eee 26. 25 4, 28 
Spal ayea a2 6 (2 Bes NUS 9 ee Se CL ate She fed ee ay dg Sane ESN be ple 8. 00 1. 30 
INDEXEr tLOLDIO,;mMOCchaniCal eee seems eee ene ee eee eee 3.07 300 
LWiAUOL STD DLY cee saa eer see ee ee ae ee eee ee a Aes | 2. 83 . 46 
Batches ee ene oe ee ee, eee ee ee ee 5. 28 86 
MNnishingamnachines =. so. ee eee een eee eae 1.95 ae 
Ege a 2) 8 a AIR a a a eS abet ot Nn i in te a Se 5. 50 . 90 
WOINTSS are Bae cee a sees ee eet sae sen se aes ea den swsee bec saed | 1. 50 . 26 
MISCOLIGH OO LIG2 pee eee ee eee Re pe ee eee, 5. 85 . 96 

Fe A ay ace Ee a eR ee A eee ee ee ne 159. 73 26. 08 
TAME LDAVeMaAcluall Operate daeeeeme aaae ers se a2 sees ee oe 453, 27 73. 92 

Acvailab lenworkineabimGra. s-sae es aes ee ee ee ee ee 613. 00 100. 00 

MINOR DELAYS OCCURRING DURING TIME OF ACTUAL 
OPERATION 

Character of delays Hours | Per cent 

pe a a et = | Z 

ELST SU DLV se nee ee ete ROS Se rs See ee eee ee 7. 65 1. 69 
LATING ODOLALLOTIm aero ey. eee ok ee eee eer 4.31 | . 95 
AD UATE [10 ane ae en eS eee eee ee mea ee mere eee 6. 25: | 1. 38 
INMebeye THROU OL TOO ONO kee Ge ee anime eS 4, 90 | 1. 08 
IMEX GEVODENGULO mera eens. Meee 5 ere mee es Some ae SS ee ere as 8. 46 1. 86 
WV eLOMUSTIP DLV sete = eat ts en Se ee a yee Ihe sto) | 2. 49 
VOMITS AHONSLEG it: =e eee ee eres, oe eos eee ee eee ee Ae 4.93 | 1.09 
Sieh ayegeKCle ie ee Ae Fe ee ee ee a oe ee yk ee 3. 60 | .79 
INMASCEllAN COIS ete Sete net on eee ee econ en Sak we Id 2 eee ee 12.79 | 2. 82 

PPGta lek ume tra eho eae Ce, vee a cone on 64.19) 14.15 
Time paver operated at 100 per cent efficiency---_.---.---------- 389. 08 | 85. 85 

453.27 | 100.00 

Over-all efficiency of paver, 88.0 per cent; total production, 116,347 square yards. 

PARTING ST 

Frqurpn 20.—SuMMaArRy oF Cost DATA FOR WISCONSIN STATE- 
Arp Prosect 2916. Costs ARE EXPRESSED AS PERCENT- 
AGES OF ToTAL Cos? oF PROJECT 

Figure 21.—MarTeriazts Cost Data FOR WISCONSIN STATE- 
Arp Prosecr 2926. Costs ARE EXPRESSED AS PERCENT- 
AGES OF ToTaL Cost oF MATERIALS 

CONCLUSIONS SUMMARIZED 

From the data presented in the quality and produc- 
tion studies of 27E pavers in good condition the 
following conclusions seem reasonably clear: 

1. The uniformity of the mixing and the resulting 
strength of the concrete are equally good for 35-cubic- 
foot batches as for 27-cubic-foot batches when mixed 
for 60 seconds. 

2. The uniformity of the mixing and the resulting 
strength of the concrete are equally good for a 30 or 33 
cubic-foot batch when mixed for 50 seconds as when 
mixed for 80 seconds. 

3. Under present actual job conditions and custom- 
ary auxiliary equipment, the most economical batch 
for the 27E paver seems to be 33 cubic feet with a 
mixing time of 50 seconds for all solid materials. 

4. The large-sized batches, up to 35 cubic feet, and 
on grades less than 6 per cent, did not cause spillage, 
leakage, or clogging of either the old or the new pavers, 
and may be advisable when a mixing time longer than 
50 seconds is required. 

5. The mixers did not show any signs of breakage 
related to overloading from using the larger-sized 
batches. 

6. Practically no increse in the present standard 
auxiliary equipment or labor set-up, nor any change in 
this equipment or labor set-up, is necessary to use a 
33-cubic-foot batch mixed 50 seconds. 

7. If oversanded mixes are still retained after the 
introduction of the use of aggregates of multiple sizes, 
the resulting concrete will not only cost more than it 
otherwise would but quality will be sacrificed. By 
using separated sizes intelligently a lower mortar ratio 

(Continued on page 292) 



RELATION BETWEEN THE STRENGTH OF CEMENT 
AND THE SiRENG THs OF CONGR EE 

By F. H. JACKSON, Senior Engineer of Tests, U. S. Bureau of Public Roads 

BOUT four years ago the Bureau of Public Roads 
began a series of laboratory tests for the purpose of 
determining the extent to which the strength of 

concrete may be expected to vary as the result of varia- 
tions in the quality of the Portland cement used in its 
manufacture. At that time engineers were just be- 
coming interested in the use of relatively rapid hard- 
ening or high early strength cements in concrete road 
construction. It was felt that the use of such cements 
would be justified for economic reasons through the 
earlier opening of highways to traffic, provided assur- 
ance could be had that the ultimate strength and 
durability of the concrete would not suffer. The 
standard requirements of the American Society for 
Testing Materials had not then been raised to the 
present values and the general level of briquet strengths 
shown by Portland cements was not as high as it now is. 

Because of this recent trend toward the manu- 
facture of cements of higher early strength, the results 
of these tests may not have quite the significance which 
they otherwise would have. However, it is believed 
that the data will be of some interest, first in showing to 
what extent briquet strengths reflect the corresponding 
concrete strengths developed by various Portland 
cements at different ages, and second, the extent to 
which variations in the quality of Portland cement 
affect the conventional water-cement ratio strength 
relation. 

DESCRIPTION OF TESTS 

Samples of eight brands of Portland cement were 
obtained from warehouse stocks in the Washington, 
D. C., market, and a series of concrete tests were made 
in which the attempt was made to eliminate every 
variable except the quality of the cement. A nominal 
1:2:4 volumetric mix (dry rodded) was employed, 
using Potomac River sand and gravel and a sufficient 
quantity of water to give a slump of about two inches. 
The actual quantity of water was varied slightly, 
because of differences in the normal consistencies of the 
cements. However, the maximum difference in water- 
cement ratio due to this cause was so slight (amounting 
to only about 0.04) as to be of no significance as regards 
its effect on strength, and the water content may be 
said to have been substantially constant. 

All specimens were fabricated and stored in accord- 
ance with American Society for Testing Materials 
standard practice. The briquets were stored in water 
in pans which were in turn stored in the concrete moist 
closet. The sand showed a fineness modulus of approx- 
imately 2.70 and passed all of the usual specification 
requirements. The gravel was graded uniformly from 
one and one-half inch down to one-fourth inch and was 
measured in three separate sizes. 

The concrete was tested in compression, bending, and 
direct tension at periods of 7 and 28 days, six months, 
one year, and three years. Compression specimens 
were the usual 6 by 12-inch cylinders, transverse speci- 
mens 6 by 6 by 30-inch beams, tested as cantilevers 
and tension specimens 6 by 21-inch cylinders, tested by 
means of the gripping device developed in the labor- 
atory of the Portland Cement Association.! 

' Descriptions of the cantilever testing machine and the tension testing device 
appear jn PUBLIC ROAps, vol. 10, No. 4, June, 1929, p. 74. 
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A complete series of the standard cement tests, in- 
cluding 20 sets of mortar briquets (three briquets to 
each set) was also made. This made it possible to test 
12 briquets at each of the five ages indicated. Average 
results of all of the cement tests, with the exception of 
strength, are given in Table 1. The mortar tension 
tests for each cement for various periods up to three 
years and the corresponding concrete test results are 
given in Table 2. 

TABLE 1.—Routtine tests of cements 

Time of set ere re- € ' 
tained on orma 

Cement Soundness No. 200 | consistency 

Initial Final sieve 

Ars. Min.|Hrs. Min. Per cent Per cent 
UA esd oe ee 3 45 (4) Satisfactory - 15.1 23.0 
Bist. = see eee Hs} 35 | 8 30u| cae doy eee 16.6 23. 0 
C2528 Bae eee 4 20 | 8 SON wee Comers 14.8 21.8 
1 De ae ESS Se 4 35 | 8 obs Seeee dows 13.9 23.8 
eee ss eee 4 06 | (eye at aeee ot dona 15.9 24.0 
dene CS 9 een ee Se 3 Atay || if SOU sees dolce 14.3 23.0 
Gee ee ie oe ae 3 40|7 400 coe dot. se 14,1 23.0 
js bees” Ja ee oe Sm 4 20 | 6 30uleeaee doa 15.9 23. 5 

@ More than 7 but less than 9 hours. 

DISCUSSION OF RESULTS 

The variations in strength obtained for a constant 
water-cement ratio, as shown by the results of 28-day 
compression tests given in Table 2, cover a range in 
strength from 2,005 to 2,775 pounds per square inch, 
as compared to an average for the eight brands of 2,414 
pounds per square inch. This is a total range of 770 
pounds, or 32 per cent of the average value. According 

to the general relation S= ae 

crushing strength and xz the water-cement ratio, the 
crushing strength corresponding to the water-cement 
ratio used (0.95) should be about 2,200 pounds per 
square inch. Based on this value, the concrete of high- 
est strength showed a deviation of 26 per cent from the 
theoretical value, with the other concretes showing pro- 
portionately smaller deviations. 

The average for the eight brands (2,414 pounds per 
square inch) was, however, close to the theoretical 
strength called for by the conventional formula. 

These tests indicate that the maximum deviation in 
crushing strength at 28 days due to variation in the 
quality of the Portland cement, was approximately 
equal to the variation in strength which would be ob- 
tained by changing the water-cement ratio one gallon 
per sack of cement. The results corroborate, in general, 
such other data as are available, which indicate that 
the quality of the Portland cement may have a rather 
marked effect upon the 28-day strength of the concrete. 

It will be of interest to compare the variations in 
concrete strength at 28 days with the variations in 
strength which were observed at later periods. An in- 
spection of Table 2 shows about the same total varia- 
tion in strength at each of the five ages at which tests 
were made, with a somewhat greater spread at the 
shortest and longest testing periods (7 days and 3 
years) than for the intermediate periods. The relative 
order of the strength values did not, however, remain 
the same, certain of the cements which were high at 
the early periods showing comparatively low values 

» in which S represents 
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TABLE 2.—Effect of quality of cement on the quality of concrete } 

| Strength of concrete in pounds 
| Briquet per square inch 
| SULCH GUN, 2| eaten Re eet 

Age | Cement | pounds 
per square 

inch Flexure |C°™P¥es-| Tension sion 

A 325 261 1, 349 144 
| B 290 249 1, 402 130 
| C 265 211 1, 092 126 

OLAS ames eaten. Deo ees | D 295 276 1, 5380 146 
EK 310 265 1, 880 160 
F 290 247 1, 430 | 132 

| G 265 230 1, 299 112 
H | 360 372 1, 940 202 

Nee sae | 300 264 1, 484 144 

| A 375 391 2, 160 227 
B 365 338 2, 005 224 
C | 345 330 2, 100 198 

OE OLAV Suen on ee te D | 385 395 2, 700 | 244 
| E 385 401 2, 775 222 

K 395 392 2, 680 231 
i @ 350 384 2, 428 212 

H 410 432 2, 462 246 

AV ee ee 376 383 2, 414 226 

A 405 540 3, 149 229 
B 395 509 3, 379 242 
C 395 563 3, 861 240 

Brmonthsssecc. = ae dbase ye D | 380 532 3, 701 228 
| E 340 533 3, 560 249 

F 335 509 3, 745 217 
| G 400 541 38, 706 222 

H 365 492 3, 410 220, 

AN esc esAs 377 527 3, 564 232 

A | 405 482 3, 539 244 
B | 380 517 3, 780 224 
C 400 519 | 4, 086 233 
D 375 559 4, 026 260 

WG VCOT Eis te see ee ee E 355 523 4, 064 235 
F 360 564 4, 328 241 
G | 410 564 4, 225 238 
13 ee 390 563 | 3, 811 229 

AV Seo: 384 536 3, 982 238 

A | 375 549 3, 490 251 
B 370 561 | 33,410 248 
C 375 583 4, 140 286 

BoVGAr wea 2= Se eee Et D 395 564 | 3, 670 264 
E 355 540 4,170 267 
F 370 575 34 490i ee ee 
G 345 554 38, 650 235 
H 350 566 | 33,590 254 

CAVE See 367 562 3, 830 258 

1 Mix 1:2:4 by volume; water-cement ratio, 0.95; consistency, 2-inch slump. Each 
value for modulus of rupture, average of 4 tests on 2 beams. Each value for com- 
pression, average of 4 tests, except as noted. Each value for tension, average of 4 
tests on 2 cylinders. 

* Tensile strength of 1:3 Ottawa sand mortar briquets. Each result is the average 
of 12 tests. Briquets stored in moist closet 24 hours; balance of time in water con- 
tained in pans stored in moist room. 

3 Average of 3 tests. 

later. Thisis shown in Table 3, which gives the relative 
order of the eight cements for each testing period and 
for each type of test. 

In general, it will be seen that, for the two earlier 
periods, 7 and 28 days, the briquet strengths of the 
various cements indicate quite definitely the relative 
order of the concrete strengths which will be developed 
by the same cements at the same ages. The only out- 
standing exception to this rule is cement A which shows 
a 7-day briquet strength quite out of line with the con- 
crete strengths developed with this cement. At 28 
days it will be noted that this cement has dropped to 
fifth place in briquet strength, which is about the order 
of ae oe in concrete for this cement at both 7 and 
28 days 

After the 28-day period practically all trends as re- 
gards the relationship between briquet strength and 
concrete strength disappear. ‘This is true, not only of 
the 7 and 28 day briquet strength as compared to con- 
crete strength at various periods, but is true also of 
the long time briquet strengths as compared to concrete 
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TABLE 3.—Relative order of eight cements in mortar and concrete at 
various ages 

Mansion | Concrete tests 

Age ; Order pet | | 

briquets | lf Compres- q | | Tension Flexure | Sia 

|_ ieee eer alk = 
| | | 
| 1 H H H H 
| 2 A E D E 

3 E D | E D 
4 | D A | B F 

7 days...------------------------ | a eee hed Te B 
| 6 | B B | A A 
| 7 | G y | G G 
| 8 C G C Cc 

1 H H H E 
eS ae D E D 
3 zi F D F 

: | 4 | ks F H 
28 SVS see oes ae -------- Bee Ae | B A G 

i A SRA 5: G A 
Onan tr Gry i B C 
| 8 | O | C C B 
Pate abut Aap Hastie 2C C 

2 } | B G F 

A 7 D 
GimomthSoee. Ss seen ee eee | 5 D D D E 

| 6 H H F H 
Nhe weez Ey oie) Gow | en B 

4 | 8 F | F H A 
1 G D | F F 

| 2 A A G G 
3 a z H C 

j 4 | D E 
1 year__-....-------------------- 5 B Eee enw ly Or 

6 D C C H 
7 F H B | B 
8 E Baie A A 
1 | 1D Visi te ee ee | C F 
Di Sa hae red a On DOE F E 
3 | Ces ees H Cc 

ECE es meee ge SRE ie | - ee hes 4 A 
6 tay | See, eee G H 
7 1a tag tS ee oY | A A 
8 (Ga lee eee E B 

strengths at the corresponding ages. Here again the 
data are in accord with other available information on 
the subject, which in general, indicates that at ages of 
six months and over, cements which give relatively low 
briquet strengths at 7 and 28 days, may show as high or 
higher concrete tests as those cements which give high 
7 and 28 day test results. 

From an examination of Table 2 it will be observed 
that there was a very definite retrogression in the 
strength of mortar briquets at three years, in all cases 
except that of cement D, and in some cases at earlier 
ages. This tendency is not reflected in any systematic 
way in the concrete tension tests, and we may, there- 
fore, conclude that it was not caused by the particular 
cements used, but by some other factor, such as type 
of specimen, method of storage, etc., common to all 
specimens. In flexure also there was very little 
tendency toward retrogression in strength, except in 
the case of cements C, E, and A at one year and 
cement G at three years. These decreases may be 
accidental, although the same tendency appears in the 
tension tests in the case of cements C and E. On the 
other hand, none of these cements show retrogression In 
crushing strength at one year, although cements G, 
B, D, A, and E show a decrease at three years. In only 
one case (cement G) is there a corresponding reduction 
in the flexure and concrete tension strengths. It seems 
reasonable to assume that any marked tendency for a 
particular cement to cause retrogression in strength 
would be reflected in all of the concrete tests. It is 
believed that, in general, the reduction in crushing 
strength at three years was caused, not by the use of 
particular cements, but by some factor which can not 
be determined by the data available. 

(Continued on page 292) 



292 PUBLIC ROADS Vol, 12, No. 11 

(Continued from page 289) 

can generally be used and as a consequence the cement 
factor may be reduced. 
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Figure 22.—Lasor Cost Data AND ORGANIZATION CHART 
FOR WISCONSIN STATE-AID PrRogecT 2926. Costs ARE 
EXPRESSED AS PERCENTAGES OF ToTAL Cost oF LABOR 
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Fiaure 23.—SuMMARY OF Cost DATA FOR WISCONSIN STATE- 
Arp Prosect 2926. Costs ARE HxXPRESSED AS PERCENT- 
AGES OF ToTaL Cost or PROJECT 

(Continued from page 291) 

These tests substantiate the general conclusions which 
have been reached by concrete engineers to the effect 
that the 7 and 28 day briquet strengths of Portland 
cement are no measure of the comparative strengths 
of the concrete at later periods (say six months and 
over). The tests do indicate, however, that routine 
briquet strengths at 7 and 28 days measure, in a general 
way, the comparative strengths which will be developed 
in concrete at corresponding periods. 

INDEX TO VOLUME 11 OF PUBLIC ROADS 
AVAILABLE 

An index to volume 11 of Pusiic Roaps, which in- 
cludes the issues from March, 1930, to February, 1931, 
is now available for distribution, and copies may be 
obtained without charge from the Bureau of Public 
Roads, United States Department of Agriculture, 
Washington, D.C. Indexes to volumes 6, 7, 8, 9, and 
10 have previously been published, and a supply of 
these indexes is still on hand. The index to volume 
12 is now being prepared. 

O 
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ROAD PUBLICATIONS OF THE BUREAU OF PUBLIC ROADS 

Applicants are urgently requested to ask only for those publications in 
which they are particularly interested. The Department can not under- 
take to supply complete sets not to send free more than one copy of any 
publication to any one person. The editions of some of the publications 
are necessarily limited, and when the Department’s free supply is ex- 
hausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized to 
furnish publications tree. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 

Report of the Chief of the Bureau of Public Roads, 

Report of the Chief of the Bureau of Public Roads, 

Report of the Chief of the Bureau of Public Roads, 1928. 

Report of the Chief of the Bureau of Public Roads, 1929. 

Report of the Chief of the Bureau of Public Roads, 1931. 

DEPARTMENT BULLETINS 

1924. 

1925. 

1927. 

No. *136D. Highway Bonds. 20c. 

*347D. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 

*532D. The Expansion and Contraction of Concrete and 
Concrete Roads. 10e. 

*583D. Reports on Experimental Convict, Road ,,Camp, 
Fulton County, Ga. 265c. 

*660D. Highway Cost Keeping. 10c. 

1279D. Rural Highway Mileage, Income, and Expendi- 
tures 1921 and 1922. 

1486D. Highway Bridge Location. 

DEPARTMENT CIRCULAR 

No. 331C. Standard Specifications for Corrugated Metal Pipe 
Culverts. 

TECHNICAL BULLETINS 

No. 55T. Highway Bridge Surveys. 

265T. Electrical Equipment on Movable Bridges. 

SEPARATE REPRINT FROM THEJYEARBOOK 

No. 1036Y. Road Work on Farm Outlets Needs Skill and Right 
Equipment. 

*Department supply exhausted. 

MISCELLANEOUS CIRCULARS 

No. 62MC., Standards Governing Plans, Specifications, Con- 
tract Forms, and Estimates for Federal-Aid 
Highway Projects. 

*93MC. Direct Production Costs of Broken Stone. 

109MC. 

25¢. 

Federal Legislation and Regulations Relating to 
the Improvement of Federal-Aid Roads and 
National-Forest Roads and Trails, Flood Relief, 
and Miscellaneous Matters. 

MISCELLANEOUS PUBLICATION 

No. 76MP. The Results of Physical Tests of Road-Building 
Rock. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio. (1927) 

Report of a Survey of Transportation on the State Highways of 
Vermont. (1927) 

Report of a Survey of Transportation on the State Highways of 
New Hampshire. (1927) 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio. (1928) 

Report of a Survey of Transportation on the State Highways of 
Pennsylvania. (1928) 

REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 

Vol. 5, No. 17, D- 2. Effect of Controllable Variables upon 
the Penetration Test for Asphalts and 
Asphalt Cements. 

Vol. 5, No. 19, D- 3. Relation Between Properties of Hardness 
and Toughness of Road-Building Rock, 

Vol. 5, No. 24, D- 6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 
crete Slab Subjected to LHccentric 
Concentrated Loads. 
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